Nl TRI TE- OXI DI ZI NG BACTERI A AND METHODS OF USI NG AND DETECTI NG THE SAME
RELATED APPLI CATI ONS This application is related to, but does not nake a
claimof priority from U S. patent application serial No. [Atty. Docket
No. 81289-284779], filed Septenber 10, 2003, U S. patent application serial
No. [Atty. Docket No. 81289-284781], filed Septenber 10, 2003, U.S. patent
appl | CaNTPRIFEOXIDINING BACTERIX KND METHOD® OFWSING AND PETBUTINGer 10,
2003, and U. S. patent application serial No. [Atty. Docket No.
81289-305694], filed Septenber 1THES8AMEhe contents of each of which is
hereby incorporated by reference in its entirety as if fully set forth.

FI ELD OF THE | NVENTI ON The invention relates generally to nitrite oxidizers
~and specifically to bacteri RESNPEDAPELICATIORSNg nitrite to nitrate.
BACKGROUND COF THE | NVENTI ON Ammoni a i s the principal nitrogenous waste
product of tBiisapplicationds related toj butaloesnotanaks a ¢laipvefpriorisy fiem, &J.Sapatenteavat er .
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qui ckly. e reason for this is t I n the above- systens the fish
densi t yentinety beif\fidtyyset forthe in relation to the snall anobunt of water. Another
reason is that in many of these systens the water is not continually
changed; rather it recirculates through the systemwth only periodic
partial water changes. Thergiiy's OFPHE BOVRNTION € Systems and aquaria use
filtration, in one formor another, to maintain a degree of water quality
that is sui tHid iavéntion réiatesrpénerallycto mitritsakidizerstand spécificpllytto bacterjanapmbie. A
maj or copponent of any such filtration unit is the biological filter. The
bi ol 0gi @ x“B?‘PSBW'“@é‘P 93l name fromthe fact that it acts as a substrate or
site for the growh 1 of bacteria which have the capability to convert, by
way of oxidation, ammonia to another conpound - nitrite. High
concentrations of nitri BACKGROENDORTHEANNENTIONe are ot her

Ammonia is the principal nitrogenous waste product of teleosts and many

invertebrates in both freshwater and seawater. The ammonia results from the deamination or
transamination of proteins the organism receives via its diet. However, high ammonia
concentrations can be toxic to many of these same aquatic organisms. In natural systems,
such as lakes, rivers and oceans, the concentration of ammonia rarely reaches deleterious

levels because the density of fish (and other organisms) per mass of water is low.

However, in man-made aquatic systems such as aquaculture rearing pens, tanks,
raceways and ponds plus aquaria, both public and private, ammonia can reach toxic
concentrations, sometimes very quickly. One reason for this is that in the above-named
systems the fish density can be very large in relation to the small amount of water. Another
reason is that in many of these systems the water is not continually changed; rather it

recirculates through the system with only periodic partial water changes.

Therefore, most aquaculture systems and aquaria use filtration, in one form or
another, to maintain a degree of water quality that is suitable for the maintenance and growth
of aquatic organisms. A major component of any such filtration unit is the biological filter.
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The biological filter gets its name from the fact that it acts as a substrate or site for the growth



speci es of bacteria which grow on the biological filter and oxidize the
nitrite to nitrate, such as those described in U S. Patent Nos. 6,268, 154,
6, 265, 206 and 6, 207, 440, each of which is incorporated by reference herein
inits entirety as if fully set forth. Nitrate is considered non- toxic to
aquatic organi snms except in extrenme cases of very high concentrations. There
ar e Ot Bty SkhNSHEGT i (ARADMARE & Soiik byliss dF Gligiidhbmblo se
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( ACB) . teto aquakiF pyganisms exceptingxiemg cosesfverrhigh eenesairations| vi ng t he
conversion of ammonia to nitrite according to the follow ng equations: NH3
+ 02 + H20 litee are-otherMtithatibns diPplitations-Rtieh usé-Bidlogical Kiters+ Thiese inclide ( 2)
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Ite to nitrate is al so.a.bacterially-nmed at r ocess.
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Press. oPthoUditgd Stated of Amaericari a (Spotte, S. 1979. Seawater Aquariuns - The
Captive Environment. Wley- 2 Interscience. New York). These references, and
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their entirety as if fully set forth. However, recent research conducted

wi t h miseteriaf A@R)L aBpeeifidallysit isha éwo step oxidatiomprgersa devolang thecoprasioapfence
of an organi.s r., group. of. qQr i sns) _has. shown that N. w nogradskyi and
its cl 6’@“9@?3‘} %?%?@%PW@@PW%SHH%OWTS in freshwater aquaria

envi ronnents (Hovanec, T.A and E. F. DeLong. 1996. Conparative anal ysis of

nitrifying
NH3+02+H20+23- ----- > NHzOH'l'HzO (1)

NH,OH + H,0 ----> NO; + 5H' + 4¢” )

The oxidation of nitrite to nitrate is also a bacterially-mediated process. Specifically,
it is a one step oxidation process involving the conversion of nitrite to nitrate according to the

following equation:
NO; +H;0 ---->NOy +2H' + 4¢” Q)

The most commonly studied nitrite oxidizing bacteria (NOB) is Nitrobacter
winogradskyi. It was originally isolated from soils and is purported to be the active NOB in
aquaculture facilities (Wheaton, F. W. 1977. Aquacultural Engineering. John Wiley & Sons,
Inc. New York.), in wastewater treatment facilities (Painter, H.A. 1986. Nitrification in the
treatment of sewage and waste-waters. Jn Nitrification J. I Prosser ed. IRL Press. Oxford.)
and in aquaria (Spotte, S. 1979. Seawater Aquariums - The Captive Environment. Wiley-



bacteria associated with freshwater and marine aquaria. Appl. Environ.

M crobiol. 62:2888- 2896.). Furthernore, research has shown that bacteria
fromthe phylum Nitrospira are responsible for the oxidation of nitrite to
nitrate in aquaria (Hovanec, T.A, L. T. Taylor, A Blakis and E. F. DelLong.
1998. Nitrospira-like bacteria associated with nitrite oxidation in

fresh“ﬁ&{{ c ﬁb@we%v Tﬁé&%‘r@&ﬂe%%,‘%nfdbdgﬁh &%&egﬁﬂe&éﬁaga {m@%emt er

treat acilities (Burrell
M cr obinebfigratedl by refeterice én theid etitirety@s bff follg aettforth. Appl . Environ. M crobi ol .
64:1878-1883.). However, the Nitrospira isolate determned to be
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Watts, .S. Schreier,, K.R Sovver nd.HJ chreje 2003. Characte tion
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wth "@%@ % 857 31211 9§i.osed recirculated mariculture system
Aquaculture ? An environnental factor of particular
i mport with aquaria environments and wastewater treatnent is salinity, and,

Freanwator direske it WR RIS dRRePEeOIONE0 in Iae (HARASS: 95 OBl ncs 1
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critical in the design of these systens and inplenentation of t herein.

As sucth ehemolithetrophie dnittits] exidiziagbhacienimy | cArchivesiMicrebiglogy, tifAxle?).
envi ro'i-f'oev%v Tt \';vgs?ql%'i coﬁ?iﬁellé!@af qﬁl&)@ﬁ&rﬁ x]; O Gominant nitrite-oxidizing organism in

natural (soils, marine or freshwaters nor reservoirs) or artificial environments (wastewater
treatment facilities) (Abeliovich, A. 2003. The Nitrite Oxidizing Bacteria. In M. Dworkin et
al. Eds. The Prokaryotes: An Evolving Electronic Resource for the Microbiological
Community, third edition, release 3.13, March 2003. Springer-Verlag, New York). A second

species of Nitrospira (Nitrospira moscoviensis) was isolated from a partially corroded iron

pipe in a heating system of a building located in Moscow, Russia. This bacterium grew
optimally at 39°C in a non-marine medium (Abeliovich, A. 2003). It has also been reported
that the microbial consortium of a marine moving bed reactor (MBB) included both AOB
(Nitrosomonas cryotolerans) and NOB (Nitrospira marina), along with a number of
heterotrophic bacteria. (Y. Tal, J.E.M. Watts, S. Schreier, K.R. Sowers and H.J. Schreier,
2003. Characterization of the microbial community and nitrogen transformation process
associated with moving bed bioreactors in a closed recirculated mariculture system.
Aquaculture 215 (2003) 187-202.)



use in particular aquaria and wastewater environnments. Moreover, an ability
to withstand the change between a freshwater and sal twater environnment may
have even broader inplications, such as suitability of a particular NOB for
use in a range of environnents, both freshwater and saltwater. Furthernore,
the storage and transport of NOB is often limted to liquid and simlar,
potentially ijnconveni ent L&, Qw n at .least i.n part, to the inabiljty of
various strai'tfs CBY“"Wt?lorr%gﬁt?th? aﬂﬂ'ﬂgul?rr é@?gﬁd W{ﬁnﬁqm @le.rmﬁ‘@g‘%e@@r yi ng
al | ows Wagtelvater Mrdahaiteisasaliity Mand, CmolOBpédifically, I nimetdiRepysttobhdnieauder
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NO 1, SkhieH & StaBility OFQ paktidilar NOBHGY ii€e NG fang®HD ehldrdishénts, Pobh resHWeatér SEQ
ID NO7 or SEQID NO 8. The nucl eoti de sequences described as SEQ ID NO 1
and SEGumdsaltwaterar e exenpl ary of N trococcus-1li ke NOB, and the nucleotide
sequences described as SEQID NO3, SEQID NO4, SEQID NO5, SEQ ID NO 6,
SEQ | D NO 7, FurtherSieqe,| the stordgecand teemsprt af WO is oftenrlonipéd to- liquid adDRimilEne

Ni trococcus-.lj ke NOB represented by SEOQ ID NO 1 and I NO 2 have been
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assign ih3fan _BRAn T ' [ ' J\dRm SRhfd by
SEQ | o 3 0 VA |@DH@%? a@é“g? fretess g@ ez & DﬁgNag.a%'% bgﬁtQ R & YRR GED 1 D
NO 8 haflNOBeintalesold, freezerdriedt fosvdemer isimilarTgqmpdSitionuthat @aly | tec tolerant( #€TCC)

and have been_ assj gned accessi on nunber PTA-5422. |n.various enbpdjnents,
the 16SEFARKEL DHCIuAtions I8y €& JCTPETRONS A0, (BespOrEssRORAingly, anots Rrpctisal 4or

sequenc | ] materti d d BrNGaih a:il?EQ
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Thus, there exists a need in the art for the identification of NOB which are capable of
tolerating a saltwater environment and/or both saltwater and freshwater environments. There
is also a need in the art for NOB that remain viable after being subjected to a freeze-drying

process.

SUMMARY OF THE INVENTION

In an embodiment of the present invention, isolated bacteria or bacterial strains
capable of oxidizing nitrite to nitrate are provided. In one embodiment, the 16S rDNA of the
bacteria or bacterial strains has the nucleotide sequence of SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.
The nucleotide sequences described as SEQ ID NQO:1 and SEQ ID NO:2 are exemplary of
Nitrococcus-like NOB, and the nucleotide sequences described as SEQ ID NO:3, SEQ 1D
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8 are exemplary of
Nitrospira-like NOB. The Nitrococcus-like NOB represented by SEQ ID NO:1 and SEQ ID
NO:2 have been deposited with the American Type Culture Collection (ATCC) and have



96% simlar, at least 97%simlar, at |least 98%simlar or at |east 99%
simlar to SEQID NO 1) SEQID NGO 2, SEQIDNO3, SEQID NO4, SEQ ID
NO 5 SEQIDNO 6, SEQID NO7 or SEQ ID NO 8. The present invention also
i ncl udes nucleic acid sequences and bacteria with sequences which have the
nucl eoti de sequence of SEQID NO 1, SEQID NGO 2, SEQID NGO 3, SEQ ID NG 4,

SEQ | i 7 - ' f
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bases nuéRBtide@eqiinct BFSEQ IDIN6! 1S SEQD NéR3, SEQUEDNOII0SEQUAPRY):£ SHQ IDnt er
alia, alleviating the accunmulation of nitrite in a nedium wherein the
compoNQiSrBEQJIPHNDse S MNOGrer SEQ IRENOBiot @ vamant $hereofiwhich is at lgastesent

e N A T
SEQ | i BN I [ 8 7. tther eof

whi ch Iiagﬁéott@%ast bgé% s%' m l ar,’ %Glcﬁgggte"b;% %P%}{ﬂgrs’ Sg(t) IPel\gg"s’ggB%gs[pm | ar
or at N@dsor SEQHINOD&r to SEQID NO 1, SEQID NO2, SEQID NGO 3, SEQID

NO 4, SEQID NO5, SEQID NGO 6, SEQID NO7 or SEQ ID NO 8. The present

i nvention affhe praséntdasertiohhalds Bithides eReltly vicidy sédienétac i iackriabaditer i al
strains disclosed herein. The nethods conprise treati %the bacteria or

bact erseanerqes avhish have, theanuslsptide sequenes of SEQE NOih SEQ P N2 52Q IBhd

dryin t el L. P ' j Gu e

1 Leo O, SEQUE N2 SRETRENGM, S0 h{Noi o 13 NOTIBOID NS oF K
that camahe tiséresfoshich is sta€se 964 sithilh® atvleakti 973 Sinilurodt easp 98Yteditnilat abud i ty
and ability to oxidize nitrite to nitrate. The present invention al so

i ncl udesst AR similer toFHQID NOHg SEQRINQR PEQ BhNG:3.$EQIIPNO4, SEQER um

2 badiar SEQIPAR S B RNO R HATIIR. (R R bact or al strain, wherein

}\]g? 1,16§E[-\) | oﬁ&h%?g@%%ggf\l@{g, %i[)lglﬁ:iaﬁor?,a%g%e s1r111l111 alr’e Orlhiea%% 7 uselgc € %faseSEQ 'D
substitutions may occur in up to 4% of the bases, “97% similar” means that single base
substitutions may occur in up to 3% of the bases, “98% similar” means that single base
substitutions may occur in up to 2% of the bases and “99% similar” means that single base

substitutions may occur in up to 1% of the bases,

The present invention also includes compositions capable of, inter alia, alleviating the
accumulation of nitrite in a medium, wherein the compositions comprise one or more of the
bacterial strains of the present invention, wherein the 16S rDNA of the bacterial strain(s) has
the nucleotide sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8 or a variant thereof which is at least
96% similar, at least 97% similar, at least 98% similar or at least 99% similar to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 or SEQ ID NO:8.

The present invention also includes methods of freeze-drying the bacteria or bacterial
strains disclosed herein. The methods comprise treating the bacteria or bacterial strains with

a cryoprotectant, placing them in a freezer and drying the bacteria or bacterial strains under



SEQID NO 4, SEQID NO5, SEQID NO 6, SEQID NO7 or SEQID NGO 8 or a
variant thereof which is at |least 96%simlar, at least 97%simlar, at

| east 98% simlar or at least 99%simlar to SEQID NO 1, SEQ ID NG 2, SEQ
IDNO3, SEQIDNG4, SEQID NO5, SEQIDNO6, SEQID NO7 or SEQ ID NO 8.
The present invention also includes nethods for detecting and determ ning
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a denaturing gradien el ect'rophor esi s - ( DGGE) | onasses rom sél ect ed
enri cthDMGnSEleeNGﬂdISEQdDﬁOt&H a represented by SEQ ID NO |, SEQ
6 IDNO 2, SEQIDNO3, SEQID NG 4, SEQID NO6, SEQID NO 7, and SEQ ID
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illustrates a denaturing gradi ent geI el ectrophoresis of bi omasses
from s@uaetity@f baeteria in Amedivm qambwém%&mﬁteo@cm@tpaTheme&eém ey SEQ

I D NO nt of
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el ect r qidinimgs iefpdsiigithe dfolatednBBPEt0 the Cpi‘bbehﬁmbﬁ(toﬁmnbﬁdﬂmmfem adprobe
nitrite-oxidizing bacteria represented by SEQID NO 1, SEQ |ID NQ 2, SEQ I

NO 3, Sebridizesty enlydheynugeigoaeid ofites basteis wheeelaﬁ 16 TR of thecbackpmbagane g,
i n accQrdnnffe WdBn@orERGIDTRA!, REG 15 NB-9SSRG INEXH, $ I NO:4, SEQ ID

NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8, and detecting and measuring the probe

to detect and measure the amount of bacteria.

The present invention also includes polymerase chain reaction (PCR) primers that

may be used to detect the bacteria and nucleic acid sequences of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the phylogenetic relationships of eight bacterial strains (i.e., those
represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8) inferred from comparative analysis of 16S
rDNA sequences in accordance with an embodiment of the present invention. The tree is
based on neighbor-joining distance analysis of sequences containing a minimum of 1445

nucleotides.

Figure 2 illustrates a denaturing gradient gel electrophoresis (DGGE) of biomasses
from selected enrichments and nitrite-oxidizing bacteria represented by SEQ ID NO:1, SEQ



Figure 5 illustrates nean nitrite concentration trends for a Bacteri al
Addi tives Test for saltwater bacterial strains and two commerci al

additives. Figure 6 illustrates nean nitrite concentration trends for a
Bacterial Additives Test for saltwater bacterial strains against an
non-i nocul ated control. Figure 7 illustrates nmean anmoni a concentration

trend .a@' Iyl mf

freezg? H%Hsga tvvre\llltdea'?’ %ggtﬂe)lrl?‘g?’str P%s P@?E?;%jggé?iqg9\§¥igﬁlgp¥8’g{15

mont haccofdaguce evith arl émbodimentsofithe presentrinventionncentrati on trends for a
Bacterial Additives Test for assessing the viability of freeze-dried

sal twat er jagirerd AlustrhlesiadenahitingaddRae BebiiétRsbhbRkis TG legure_9
i1l ustrat es%nieran r_1iutsrat e concent rg;?idpn tr@gnqs t?%r a Bact e(r;%??§§gllat§dle\g}es Test
for fomewteotegd emmchmentss pnd pitute-gridizing badteria reptesentiedby SEQ B N@:1,SEQi ns

t hat en 5.5 nt hs.. .Fi gur 0 i]lustrates, mean anmoni a
conceﬁ &Qb 0@?&@@ m%én Bﬁ%qr”g?qcﬁlw‘gﬂ@? P?’S%éme’?b%tﬁﬁ? Bresepd gwentiony t he
viability of freeze-dried saltwater bacterjal strains that had been stored

for 11 nonFhgure @ flustrates g denghwing: gradient gehelestraphoresiscBNIGE) ofobiomasseds for a

Bact er.i al Ltiyv :ASSRSS| . viabili 0 r - drd

cal t woBysefcted Sl 7 and Bl TRR IR iR kb o SERUAFRO L9 1
i1 USIDNO:2, 'FEQ 1D N0, SEPID NO42 SEQ TDIYOG; SEQ I N&6[ SEQID Madj, lahyes Test
for assessing the viability of freeze-dried saltwater bacterial strains that
had bSEQ Ex M8, inmccordaneeowith en embpiliguens of thei gresent nyemionrean amoni a
concentration trends for a Bacterial Additives Test for assessing the

vi abi l ity ®igiredzitlostsates madrenitiiecoreemiatiohtendssfor laBacterid] Additivest Teseforf or 5
nmont hs and for assessjng the viability of saltwater bacterial strains that
had bé&dlfwalenpacterial SHamFF-ﬁ‘qu"&o FIRmMErCcialAQMIVES.i gure 14 i1l ustrates mean

nitrite concentration trends for a Bacterial Additives Test for assessing
t he vi abi | Riguref6 illusizates maan nititercopesnteation|trends for a Bactenial AdditivescFestfosr ed f or

S nonths . and for ,assessing.the vi.abiliit f_galtwater bacterial strains
t hat ﬁg‘l&vaé%ﬂacé?rbqjéﬁ againist;ag fiog- %?ulitfﬁr?glmﬂs. Figure 15 illustrates mean

nitrate congentration trends for a Bacterial Additives Tes for assessing
the vi abi | FHUE{7 xﬁlfualz%tﬁs Y5pY mm%wcspvaw%wﬁﬁﬁ%r % %&terwiédewﬁs #red for
5 for assessing the viability of freeze-dried saltwater bacterial strains that had been stored for

5.5 months.

Figure 8 illustrates mean nitrite concentration trends for a Bacterial Additives Test for
assessing the viability of freeze-dried saltwater bacterial strains that had been stored for 5.5

months.

Figure 9 illustrates mean nitrate concentration trends for a Bacterial Additives Test for
assessing the viability of freeze-dried saltwater bacterial strains that had been stored for 5.5

months.

Figure 10 illustrates mean ammonia concentration trends for a Bacterial Additives
Test for assessing the viability of freeze-dried saltwater bacterial strains that had been stored

for 11 months.

Figure 11 illustrates mean nitrite concentration trends for a Bacterial Additives Test
for assessing the viability of freeze-dried saltwater bacterial strains that had been stored for
11 months.

Figure 12 illustrates mean nitrate concentration trends for a Bacterial Additives Test
for assessing the viability of freeze-dried saltwater bacterial strains that had been stored for
11 months.



nonths and for assessing the viability of saltwater bacterial strains that
had been stored in a liquid for 14 nonths. DETAILED DESCRI PTI ON OF THE

| NVENTI ON The present invention is based upon the discovery of novel
bacterial strains which are capable of nitrite oxidation in saltwater

and/ or freshwater environnents and which can also survive and remain viable

| nventi on dEERE o HBlratsk SR Slubhl® hO5EATen HERRE I Hielrl ASgRaf 1S

The prRsefior asvessiag the wabilityletraeni saltwate Badbéfd]l 8fraial tHat had Bed stéred for 5
biologically pure culture of a bacterial strain capable of oxidizing

ni t ri traontlsrAnd: for @sseasing dhe)viahidity eEsaltwater dracterinlestrsinst thati kad baenastoned inca udes
the nucl e tfdiﬂ)%goql%&ce of SEQID NO1, SEQID NGO 2, SEQ IDNO 3, SEQID

QIDNOG6, SEQIDNO7 or SEQID NGO 8 as shown in
TabI es 1 through 8., .8 Table 1: The sequence for the N.trococcus-Iike

nitrite- oxi gi‘&'irﬁgl"bly@ﬁ@t%m%ﬂ@ﬁ%ﬁ%@“@nm@%@f aBestepalvidditives Test
D : ~ o e 113 3 N3

AT GAGHutdp b ATomilSC T AGT T GGT GGGGT AAT GGCCTACCAAGGCGACG
ATCGGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCC
f ; ' ATt T4 Bacterial Additives Test

T“A%M m%%m&%#m been stored for 5
SR L P

AAT cee ERIRE ‘%‘g 14ins'that had been stored in a

AAAGCOigutdbFor MWTTGCATCCGATACT GITTGECTAGAGICTGG
TAGAGGGAGGECGGAAT TCCCGGT GTAGCGGT GAAAT GCGTAGATAT CGGGAGGA
ACACCAGT GGCGAAGGCGGT CTCCTGGATCAAGACT GACGCT GAGGT GCGAAAG
CGT GGGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCCGTAAACGATGAG

T OCEoCTOReeACTACCCO A A Rk A A e Y froN
CGCACAAG:GGE%%@T%T&F%TT&(‘&A p%%%ef‘g&tenal strains which are

capable of nitrite oxidation in saltwater and/or freshwater environments and which can also

survive and remain viable following a freezing or freeze-drying process. Embodiments of the

present invention describe methods for using and detecting the bacterial strains.

The present invention provides an isolated bacterial strain or a biologically pure
culture of a bacterial strain capable of oxidizing nitrite to nitrate, wherein the 16S rDNA of
the bacterial strain includes the nucleotide sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8 as
showm in Tables 1 through 8.



TGCTCTTGACATCTCCGGAACCT TACAGAGAT GT GAGGGT GCCT TCGEGAACCEG
ATGACAGGT CCTGCATGECTGT CGTCAGCTCGT GT CGTGAGATGT TGGGT TAAGT
CCCGCAACGAGCGCAACCCT TGCCCCTAGT TACCAGCGGT TCEECCEEEGACTCT
AGGGGEGACT GCCGGT GACAAACCGGAGGAAGGT GGGGATGACGT CAAGT CATC
ATGGCCCTTATGEECAGGEGECTACACACGT GCTACAATGGCCGGTACAAAGEGT T

GCAAA GCTAAT GCCGGT T
TCTCOMABRISACTRS RaAISE it emeru e St hondhin Bacterum represate

BIER] GEPEDNDI1:T ACACACCCCCCGTCACACCATGGGAGTC
GGCT GCACCAGAAGT CGGTAGCCTAACCT TCTTAGGAAGGAGGGCGCTGCCCAC
GGTGTGGTCGATGACTGGGGTGAAGTICGTA 9 Tabl e 2: The sequence for the
Ni trococcus-like nitrite-oxidi 2| ng bacterl um represented by SB7cll. SEQ ID

GACGGGTGAGTA
ACTCGGATTAATA

NEAESCO A T
T@\ A g P o .t 835 A \p v, QIR TR
AU iSOG O B T TcocAcoonToo
‘ . .2 @ ’;‘ 3 : “’ 3\ g D R Ny

BOTACCAAGGCGACG
GAGACACGGCCC

56 AFAAGTCGGGTGTG

AT GA@@E@U@GTG@U@KQ@GGG@WWK@%N@@TGAGGTGCGAAAG
CGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAG
GACTAGCCGTTGGATTCATTAATGAGTCTAGTGGCGCAGCTAACGCGTTAAGTCC
TCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACC
TGCTCTTGACATCTCCGGAACCTTACAGAGATGTGAGGGTGCCTTCGGGAACCGG
ATGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGT
CCCGCAACGAGCGCAACCCTTGCCCCTAGTTACCAGCGGTTCGGCCGGGGACTCT
AGGGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATC
ATGGCCCTTATGGGCAGGGCTACACACGTGCTACAATGGCCGGTACAAAGGGTT
GCAAACCGTGGAGGGGAGCTAATCCCAAAAAGCCGGTCCCAGTCCGGATTGCAG
TCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCAATGC
CGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTC

) GGCTGCACCAGAAGTCGGTAGCCTAACCTTCTTAGGAAGGAGGGCGCTGCCCAC
GGTGTGGTCGATGACTGGGGTGAAGTCGTA



CCCGCAACGAGCGCAACCCT TGCCCCTAGT TACCAGCGGT TCGGCCGGGEGACTCT

AGGGGGACT GOCGGT GACAAACCGGAGGAT GGT GGGGATGACGT CAAGT CATCA

TGGCCCTTAT GAGCAGGGCTACACACGT GCTACAAT GGCCGGTACAAAGGGTTG

CAAACCGT GAGGGGGAGCTAAT CCCAAAAAGCCGGT CCCAGT CCGGATTGCAGT

CTGCAACTCGACT GCATGAAGT CGGAAT CGCTAGT AATCGCGGATCAGCAATGC

CGCGGTGAATACGT TCCCGGGECCT TGTACACACCGCCCGT CACACCATGGGAGTC

GCCTGRadtde 2nAte cemnawzdprABe Mzogoeceliks nitriteaixidizing Bacteriomuepeesehited t he

Ni trow&#@gm%l di zing bacteriumrepresented by SB7c136. SEQ ID
CGCTGECGEECECGCCTAACACATGCAAGTCGAAC

GAGAAT CCCGEEGECAACT CGGTAGT AAAGT GBCAAACGGGT GAGGAATACAT GG
GT AACCT GCCCT TGAGAAGGGAATAACCCGCCGAAAGGT GAGCTAATACCCTAT

o S T A A O R T KA ACRTGCAAGTCGAGCG
CGACKHCARNEHNCEAELIEREER

WWWK@@ACGGGTGAGTAA

TCGGATTAATAC

TTTAT%%WWWW?@%%AGGT&GMG
CGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAG
GACTAGCCGTTGGATTCATTAATGAGTCTAGTGGCGCAGCTAACGCGTTAAGTCC
TCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACC
TGCTCTTGACATCTCCGGAACCTTGCAGAGATGTGAGGGTGCCTTCGGGAACCGG
ATGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAGGT
CCCGCAACGAGCGCAACCCTTGCCCCTAGTTACCAGCGGTTCGGCCGGGGACTCT
AGGGGGACTGCCGGTGACAAACCGGAGGATGGTGGGGATGACGTCAAGTCATCA
TGGCCCTTATGAGCAGGGCTACACACGTGCTACAATGGCCGGTACAAAGGGTTG
CAAACCGTGAGGGGGAGCTAATCCCAAAAAGCCGGTCCCAGTCCGGATTGCAGT
CTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCAATGC
CGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTC
GGCTGCACCAGAAGTCGGTAGCCTAACCTTCTTAGGAAGG

10



CCCAAGGGEEGAGCCAAT CTCAAAAAACCGEECCTCAGT TCAGATTGEGGTCTGCA
ACTCGACCCCAT GAAGGT GGAAT CGCTAGT AAT CGCGGAT CAGCACGCCECEET
G AATACGT TCCCGGEGECCT TGTACACACCGCCCGT CACACCACGAAAGT CAGCTGT
ACCAGAAGT CACTGGCGCCAACCTGCAAGEGAGEC 11 Tabl e 4: The sequence for the
Nitrospira-like nitrite-oxidizing bacteriumrepresented by SB7c47. SEQ ID
NO 4. TGATCATGGCT CAGAACGAACGCT GGCGGCGCGCCT AACACATCCAAGTCGAAC
] ' - spixsAileairitecyidizivgtrasterium represented by
CGC%@?%T RPN TAACCCGCCGAAAGGT GAGCTAATACCCTAT
TTTA GATAGGAAAGCCAAGTCGAGGACTTGGTACTC
AAGGAGGEGGCTCATGTCCTATCAGCTTGT TGGT GGGGTAACGECCTACCAAGECT
ACGACGGGTAGCTGGT CTGAGAGGATGATCAGCCACACTGECACTGAGATACGG

WW@W&W@WW@@GCMGTCWC

TGACGCAGCGA! %TGAAGGT CITCGRAT TGTAAACCCCTT'T

TGA EAACAENAAUNCACOAATACATGG
CCT AT AAECRC A BROAIEOT) GAHAGTIGHRACTAATACCCTAT
R S A L A TSR AR EACTToGTACTC

ACCCOUMAIA GEGETTCATCTS CRARCAGT S TAGCTGOEAETARCAGCCTACCAAGGCT

@m@%@@@@mmmm

BEXE GA@W&@GGGCGAAAGCC

MTA@W@W@W@@W@A@@%AM@GTGGG
GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAA
GTGTCGGCGGTTTACCGTCGGTGCCGCAGCTAACGCAGTAAGTACCCCGCCTGGG
GAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGACGCAACGCGAGGAACCTTACCCAGGTTGGAC
ATGCTCGTGGTACGAACCTGAAAGGGTGAGGACCTCGAAAGGGGAGCGAGCTCA

" GGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCA
ACGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGAGCACTCTGAAGA
GACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCC
TTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAGAGGGTTGCAATCC
CGCAAGGGGGAGCCAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCA
ACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGT
GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGT
ACCAGAAGTCACTGGCGCCAACCTGCAAGGGAGGC

11



CCAGAAGT CACTGGCGCCAACCTGCAAGGGAGGECAGGTG 12 Tabl e 5: The sequence for the
Nitrospira-like nitrite-oxidizing bacteriumrepresented by R21c76. SEQ ID
NO 5. GAACGAACGCT GECGGECGCGCCTAACACAT GCAAGT CGAACGAGAAT CCEEEEC
AACCCGGTAGTAAAGT GGCAAACGGGT GAGGAATGCATGEGCAACCTGCCCTTG
AGAAGGGAATAACCCGCCGAAAGGT GGECTAATACCCTATACCCTATCTTCTTTT

CGGAAAAGATA GCTTGGT.OGAGGACT CGECACT CAAGGA TG
TCCTATaRISA ERT Esaance anths NimipeALS R ANAELTE basteriam represented by

TCTGASRPAT. AR GGCACTGAGATACGGEGECCAGACTCCTACGG
GAGGCAGCAGT GA TATTGOGCAAT GGGOGAAAGCCT GACGCAGCGACGCC
GCGT GEEECGATGAAGGT TTTCCGATTGTAAACCCCTTTCATGAGGAAAGATAAA
GTGGGTAACCACT TAGACGGT ACCT CAAGAAGAAGCCACGGCT AACTTCGTGCC

W@m@@m A@@W@F SOABEACGGGAGAGG
%ﬂ%ﬁ%&%&%@&ﬁ%@ﬂ&%&&&ﬂ%&c
GTGGCGAAGGCGGCGCTCTGGAACGTACCTGACGCTGAGGTGCGAAAGCGTGGG
GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAA
GTGTCGGCGGTTTACCGTCGGTGCCGCAGCTAACGCAGTAAGTACCCCGCCTGGG
GAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTGCCCAGGTTGGAC
ATGCTCGTGGTACGAACCTGAAAGGTGAGGACCTCGAAAGGGGAGCGAGCTCAG
GTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAA
CGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGAGCACTCTGAAGAG
ACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCT
TTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAGAGGGTTGCAATCCC
GCAAGGGGGAGCCAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCAA
CTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGTA
CCAGAAGTCACTGGCGCCAACCTGCAAGGGAGGGCAGGTG

12



Tabl e 6: The sequence for the Nitrospira-tike nitrite-oxidizing bacterium
represented by R21c28. SEQ I D NO 6.

ATCCTGGECTCAGAACGAACGCT GCGECGECGCCTAACACATGCAAGT CGAACGAG

AATCCGGEGECAACCT GGTAGT AAAGT GGCGAACGGGT GAGGAATACATGGGTAAC
CTGCCCTTGAGAATGGAATAACCTATCGAAAGATGGGCTAATACCATATACGCTT

CCTGATTCGAGGAT TGGGAAGGAAAGT CGT. ATCGAGGATACGGCGT TCAAGGAG

GCCCT RaldeSCThe ceprmeToat:E ‘ waidizing b@cterium represented by
W TCAGCCACACT GGCACT GAGATACGGGCCAG
CcT / \GGAATAT TGCGCAAT GGGCGAAAGCCT GACG

CAGCGACGCCCCGT GGEEGATGAAGGT TTTCGGAT TGTAAACCCCT TTCAGGAG
GAAAGATAAGGCAGGT TACT GCCT GGACGGTACCT CCAGAAGAAGCCACGGCI' A

GAATT CREQGIGEAGORET G TEOBTAAT w : &@g@
AA CTGCAACGCACCT GACGCT GAl % GCTATCTICTTIT
AACACHTOABIACAT B A AT GO FARAGKIA CEGRTARTS BASCAGGGGCTCATG

7: TheGG&ﬁMGE%TGAMRGCG%WAIMC@@AAGAAGGﬂQGGTG@MGGGGﬁ

r epr eseREACTRIGARNEET AR GABA T FAGGTGCGAAAGCGTGGGGAGCAAACAGGAT
TAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAAGTGTCGGCGGTTTA
CCGTCGGTGCCGCAGCTAACGCAGTAAGTACCCCGCCTGGGGAGTACGGCCGCA
AGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG
TTTAATTCGACGCAACGCGAAGAACCTTACCCAGGTTGGACATGCTCGTGGTACG
AACCTGAAAGGGTGAGGACCTTGAAAGAGGAGCGAGCTCAGGTGCTGCATGGCT
GTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGTAACCCC
TGTCTTCAGTTGCCATCGGGTCATGCCGAGCACTCTGAAGAGACTGCCCAGGATA
ACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCTITATGCCTGGGGC
TACACACGTGCTACAATGACCGGTACAGAGGGTTGCAATCCCGCAAGGGGGAGC
CAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCAACTCGACCCCATGA
AGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGTACCAGAAGTCACTG
GCGCCAACCCGCAAGGGGGGCAGGTGCCCAAGGTATGGTTGGTAATTGGGGTGA
AGTCGTAA

13



CATGGCT CAGAACGAACGCT GCGECGCGCCTAACACAT GCAAGT CGAACGAGAA
TCCGGEGEECAACT CGGTAGT AAAGT GGCGAACGGEGT GAGGAATACATGGGTAACC
TGCCCTTGAAAGT GGAATAACCTATCGAAAGATGEGCCTAATACCATATACCGCTTC
CTAGI TTGCGGATTAGGAAGGAAAGT CGTATCGAGGATACGGT GT TCAAGGAGG
GGCT CATGGCCT ATCAGCTTGTTGGT GGGGTAATGGCCTACCAAGGCAACGACG

.

eteir. CCGCCCGGACGGTACCTCCAGAAGAAGCCACGGCTA
ACTTCGTGOCAGCAGCCGCGGT AAT ACGAAGGT GGOGAGCGT TGTTCGGATTTAC
TGGGOGT AAAGAGOGOGT AGGOGGT TAGGT AAGCCTCTTGT GAAAGCTOCOGRC

,‘ J R = vy Y, N K 4 d {7 ul‘ .‘ d ' 0 1 O -
e S R IR i gocoTreancons

GAGCATGGGETUARGECGIXTZA GCOTATCAAGGCAACGAC
CAAGT (5 '} -
conT A e A R T T A A4 e HRAGATACGGGCCAG
" ANGGEAGGEACT AT S AGGAATAT GGMA[G\GGEGAAAGCCTGACG
G 0 X

15 Tabm&cgb | W@@&@GM@CW’PA@AM@GG&%@A@W@“ erium

t [. SEQ ID
T AT AT SRR A CEO AL BT ARAEATEERGAAEAAGGCOGGTARCG
ACGAGMAGSEEECATICIGEAACGCATETGASGETG AGGEHIRAAKGE CGTGGGGAGCA

AACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGCACTAAGTGTC
GGCGGTTTACCGCCGGTGCCGCAGCTAACGCAGTAAGTGCCCCGCCTGGGGAGT
ACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCCAGGTTGGACATGC
AAGTAGTAAGAACCTGAAAGGGGGATGAGCCCGCAAGGGCAGCTTGCTCAGGTG
CTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGTTAAGTCCCGCAACGAG
CGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCACTCTGGAGAGACTG
CCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCTTTAT
GCCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCAATCCCGCA
AGGGTGAGCTAATCTCAAAAAACCAGTCTCAGTTCGGATCGCAGTCTGCAACTCG
ACTGCGTGAAGCTGGAATCGCTAGTAATCGGAGATCAGCACGCTCCGATGAATA
CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTCGGCTGCTCCAG
AAGTAGTTATCTTAACCCGCAAGGAGGGAGGCTACCAAGGATCGGTCGGTGACT
GGGGTGAAGT

14



GGTAACCTGCCCTTGAAAGT GGAATAACCTATCGAAAGATGGGCTAATACCATA
TACGCCTTCCTAGT TTGCGGATTAGGAAGGAAAGT CGTATCGAGGATACGGTGITC
AAGCGAGGGEECTCATGECCTATCAGCT TGT TGGT GGGGTAATGGCCTACCAAGEC
AACGACGGGTAGCT GGTCTGAGAGGAT GATCAGCCACACT GECACTGAGATACG
GGCCAGACTCCTACGGGAGGCAGCAGT GAGGAATATTGCGCAAT GGGECGAAAGC
CT GACGCAGCGACGCCGCGTGEEEGATGAAGGT TTTCGGATTGTAAACCCCTTTC
Wfﬁ(m@ﬁ&mﬁ@ﬁrmm represented by
W CCGCGGTAATACAAGGGTAGCGAACGTTGITCA
AATT CATAGACAATTAGGTAAGCCTCTTGTIGAAAGC
TCCCGECTTAACCGEGAAT GGT CGAGGGEGAACTACTTAGCTAGAAAACAGGAGA
AAAGT ACGAAATTCCCAATATAACAATAAAATACATAAATATCAAAAAGAAGGC
ae e

oo

AUMWWWCAGGAGG
GO AR ECEECEEEAMACTACE A EA GXAGERA GCCACGGCTA

G ART A A AT TR A G GTICERATIAR i on. an

i sol qmt@@rmawcmmmawewmmmgpmmmm

Cons THaACIER ARG TERAGRO IR NG labAGHRCorAaRBEATISE o om

0 noe CK&QAHYIT@@CGGNMGB@@'D@AAATGCGTJAIG&Q’EA’E&%GMMAG‘HG@GGTGG@t | east

or of SMEPECBAAHCIETERAACECACTIGACU AL CRIALEERBBAGETC

pr es R ACAGCATIA GAT AN CCTGE TAGTCCACGUCCT AAACGATEGGCACTAAGTGT
CGGCGGTTITACCGTCGGTGCCGCAGCTAACGCAGTAAGTGCCCCGCCTGGGGAG
TACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTG
GAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCCAGGTTGGACATG
CAAGTAGTAAGAACCTGAAAGGGGATGAGCCCGCAAGGAGCTTGCTCAGGTGCT
GCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGC
GTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCACTCTGGAGAGACTGC
CCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCTTTATG
CCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCAATCCCGTAA
GGGGGAGCTAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCAACTCG
ACCCCATGAAGGTGGAATCGCTAGTAATCGGGGATCAGCACGCCGCGGTGAATA
CGTTCCCGGGCCTTGTACATATTGTCCGTCACAGCACGAAAGTCAGCTGTACCAG
AAGTTGCTGGCGCTAACCCGTAAGGAGGCAGGTGCCCAAGGTATGGTTGGTAAT
TGGGGTGAAGTCGTAACAA
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ot her species of bacteria, nutrients and/or other conponents to provide a
conposition for maintaining or purifying aqueous nedia. It may be
desirable, for exanple, to conbine the bacteria of the present invention
wi th bacteria capable of renoving other pollutants or undesirable conpounds
from aqueous nedi a. Exanpl es of such bacteria include amoni a- oxi di zi ng
bacteria (chenvolithoautotrophic bacteria which oxidize ammonia to nitrite),
het er diabde8: The sequenice fox\the Nitnespénadik e-nitijtespxidizingshacterim irepresentedbya and
ot her by d other bacteria which will be known to those of skil

I n theB?r!'t %?\?g@om di zi ng bacteria are known fromthe beta and gama
subdi vi sions of the Proteobacteria. Exanples include species of the genera
Ni t rosononas, Nitrosospira, N trosol obus and N trosococcus.

Ni t r at AN GOT nmonas
and Al ca iggggsm%?ﬁ%?ro hleéhbact e{jl a are known '?Aom(@gp@e A

|1
PeeudHORAGAATECRGE SR AT A TG CRAACHPATCAGOAAT ACA TonDI e
with td}@'rm@m@b@mr@meﬂrGGmTRAmmTCGMGMGGGéMMm@ﬁm of the

Qut T oA EACT T804 TER oA BOARA TS ARG AIAGICTGRIC o ey
gfr ;IS %AG@GGMT&AMM&AGMM@G&FGG@GT&A@G@@TAC@AQA@GG@r : ﬁl

bact et ACGAGSRIRGRGPLERACA BTG ATCAR SPACK A CRERG AR ARG 22 10
ni tri (GGETAGAETTCTA CEATGAGGRAGCAGTGAGCAA TATTGOGTA ATGGGESAN ALGEI ng

exenpl¢ ToARHE RO B EB TG EREA Bo ARG T LT GO AR Bl aPECa , g

bact erAGGAGGGANGANAAAGTGGGTAACCGCTOGGACGIRTACCTCOAGAAGANGCCaat i ons:

Sept e%&%@%@%@%ﬁ%@ﬂ#%ﬁﬁm&%@ﬁ " I o

81289-ARTTTACTAGGEGTEAAAGAGC ACATAGNSCANTTAGGTAAGCERCT DGTGAA AGCI aI No.

2ol .yCT;E?@%&ﬁ&%@%ﬂﬁ&%&%ﬁ%%é@%@%?éﬁ@nﬁZﬁ “To,

2003. AXAGTAGEAAATROICE AATAT ASCAATVOANRATAGAEABATATCAAAMAGAASGGE t he

g;gzeﬁﬁcwagm%cqp@g roducemé @ﬁmctlon 0 ac erlna][his

strai r@GaA(ﬁGAAp%A@ﬁA TARCHEGLHAGTGCAGGRE CHM&GGATGK&}CAO&
r edUCe&AGT@T@GGU&?ﬁT?AG@G?CGGTG@@@EA@@?AA@G@NGTMG’TG@CC@Gi?@fl'@' e

hot s SEGASTALRGAE L AT Te ARGl Ba KA AT i a0 daeciGliadha

| N0r 0 ABCEGIHEATTATGTGGITTANFEUBAUGOAACBTGRAGANCCTEACEEATHFTGat es by

the bagh UARGCRAGH LG TN AGAA BEREA KA GBETATEAGCCCGCAAGGAGCTTGCTCA
GGTGCTGCATAGCTGTCGTCAACTCGTGCCATAAAGTGTTGGGTTAAGTCCCACA
ACAAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCACTCTGGAGA
GACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCC
TTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCAATCC
CGTAAGGGGGAGCTAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCA
ACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGT
GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGT
ACCAGAAGTCGCTGGCGCTAACCCGTAAGGAGGCAGGTGCCCAAGGTATGGTTG
GTAATTGGGGTGAAGTCGTAACAAGGT
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In several enbodi nents, conpositions for maintaining or purifying agueous
nedia are provided that conprise nitrite-oxidizing bacteria and
anmoni a- oxi di zi ng bacteria. In one enbodinent, a conposition is provided
for the maintenance of home aquaria, said conposition conprising saltwater
NOB of the present invention along with saltwater AOB. In one enbodinent,
0.5-1.5 nL, but preferably approxinmately 1 nL of concentrated saltwater NOB
of the present invention is mxed with 2.25-3.25 nil, but preferably

appr oxi mat Fb gﬁ?os%o%e 9%35&%{}&&%91 &ﬁisél‘ﬁ’éﬁ%cté@ strais dng 'ﬁ‘lfﬁﬁisr at ed

m xture is t uted to 2. 5- luid ounces, but preferab
appr omldwgmie/some‘degreb mﬁpuu@satdﬁﬂﬁamns)namaﬂemnmm; A culthweafer, a vol une

e B B P Gk R Sl .27,
NCB

D ol B ton ST P el LR Pt B SLC
NO 4, if S b3 &t 1e43EQ5YoPuiinfll mEsiPrefefAbNGS Theooulttife(s lablust B% pireone

enbodi ment ,_the conposition conprises all of the saltwater NOB strains of
the presentTherhpg W!‘ggﬂfamﬁ ?fnthFlPéesﬁﬁﬁ isventjongnay glso bg peathingdowith erehootheronpri sed

N “&E%é%éﬁ‘iéﬁ Bultefs, HEHERS SEP ier Combroleltt ' protite st dimoficdidor e |
errbod ?geg/mg Sjuebts ficaial OB dndyobe Héxirablj foreiantie, ab cBhBInethe aquar i a

and aquacul ture cilities, said COWFOSI tion corrprl si ng sal twater NOB of the
pr es ehécterigafnthe opresand rigvmhpn \yﬁhtlm esia papeble| of FROERS therepallutants 80 i,

but f t |.t wat NOB of th

or csHEraRIR sofP oS RO Spbol miftis” 1BESRAE Y L kPRt R Sl Aniofe o1 y
123 ”bxi@]mﬁg ”E&'%r{aat(%n‘foiitﬁdﬁtcﬂfopﬁ@baa'taﬁi whieh COHfiz8! ffnitinid 46 eniirite) hen
diluted to 1 gallons, but preferably approximtely 1 gallon (3 79 L)

with uetemehmdmtanaf i(whiphe anineralize ergamlcumt@@bugxﬁedammomaemdzoth@r 2510

| but f tely 246 I
2 quac Avist )i o B6 Realer Whitk WAL K B R, OF Sl in e B0 ipowipn ns of
sal t Wakilizi a@t%nh'l?e RAGHE o theesttd and giiifva Subdivisivhs 16f3hé @Wte@ﬁacie?z%
bacterial sfrains has a nucl eotide sequence of SEQID NO 1, SEQID 18 NO 2,

SEQ | Bxaigplss SietndeDspacies, oSHEG Igendnd Hﬂ?‘@E@Oﬂ@. N@b@som |Mtra@:ztabm askEQ I D

. one enb nt . the c 0S ises al) of t | t wat er NOB
st ral ‘(’J‘iacf’ﬁ‘é“s &?g”%n‘?d‘? h?q?%P? Iﬁntkf‘ See Par%r}%s B on
bei ng aAd AREL] ﬂesof Hefeothiphicbdctdria 4k qmawnrmﬁ @&aegs:ﬁﬁh Bucitie) Pseudbmdpas SEQ 1 D
NO 7 and SEQ 1D NO 8 (as used here, the term "ngjority"” neans at |east

509 . afhdlquiigenes. ®th¢egtqnpmoab@©erprtbai ey ba combined avithothe hacterig] strains of
conceml rﬁ%ggm%i&én roha}nclude members of the Planctomyces. Such are available from known
sources (e.g., American Type Culture Collection, 10801 University Blvd., Manassas VA

20100, USA) or may be isolated directly from aquaria biofilters.

!'l

,-

For example, the bacterial strains of the present invention may be combined with
ammonia-oxidizing bacteria such that ammonia present in the water system would be
oxidized to nitrite and the nitrite oxidized to nitrate. The added ammonia-oxidizing bacteria
may be any ammonia-oxidizing bacteria known to the art or may be exemplified by, but are
not in any way limited to, those ammonia-oxidizing bacteria disclosed in the following
commonly assigned patent applications: U.S. patent application serial No. [Atty. Docket No.
81289-284779], filed September 10, 2003, U.S. patent application serial No. [Atty. Docket
No. 81289-284781], filed September 10, 2003, U.S. patent application serial No. [Atty.
Docket No. 81289-294309], filed September 10, 2003, and U.S. patent application serial No.
[Atty. Docket No. 81289-305694], filed September 10, 2003.
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strain capable of oxidizing nitrite to nitrate, wherein the 16S rDNA of the
bacteria has a nucleotide sequence of SEQID NGO |, SEQID NO 2, SEQ ID
NO 3, SEQIDNO 4, SEQID NO5, SEQID NOG6, SEQID NO7 or SEQ ID NO 8 or
a variant thereof which is at least 96%simlar, at |least 97%simlar, at

| east 98% simlar or at least 99% simlar to SEQID NO 1, SEQ ID NO 2, SEQ

I D NG 3, SEQ | NQ. 4 EQ | r 5 E D ) 6 EQ | NG 7 . SEQ | D NO 8.
Accor di ng tg'“f) egeﬁﬂ}g@i \%ﬁﬁ 5 tq‘?@%n%ﬁﬁtq%mt ﬁ@%a&tgpipéqseo{lpgfn%ops
consi qaiHeLerbBicki? aBR16BIR! deﬁ@ﬂyihg ﬁgér}&}ia? gﬁ{: tgfr?i:cg%et, srige{ AtrateAFRich fs prodiced b

concentration which is higher : ation occurred in nafure. In
gener dhe intesactiomodrthe dhactariabfstiaing dfatheepresent mveation with ideitrifying| bamteria2 0% of

t he total l1's in . the, I det I hed, by st d techni h

ol cc 1O Feaugd 8 AEPRLR: P SBerirpReL Pt PTG Zuitiid P oRd i ques.

uhi Ch Wichinthife e BMeridl Ao rSHhk! fréfint hybtfontith HREOE0ARD bAALF WichoNt MO S
{1 on nethods. re prererably, t t he

and enunera e concentration o

bact emiakradize aorganio uhattéreind® ¥impley irmaganic sfibstdnees athidh, cabseguenthy ean rer e
preferably 45%. and nost preferably 90% or greater, of the total cells.
Howevém,hmlaSﬁlﬁgstrs@SBwéh%g%ﬂs%altssmnao the presentiinyedian. of t he bacteria which

have a nucl eotide sequence of SEQID NO 1, SEQID NO 2, SEQID NGO 3, SEQID
NO 4, SEQ |In segerg] ersboylinpnigocomposiiups| for mantaining SEputi fyingqheous media atext ur e.
In this cgse,,the percentages.stated above, rel ate to..pergentage of total
NCBs. THROVAEY st CREEPHA PTG MoK IACB i e A SO0 XAiPRg Hacisri. I3, e

Popul alnivyetifieat)t a DéontUBRidS ¢ ROy AHRX irfairfé ' hghigt ypes
of bagﬂeri a. In %ﬁicul ar, m}?t{ogﬂnot% shi ng t%&%gpﬁﬁjﬁgfngyggny ﬁeory, of

t he vaompaositimctomnprising saltwiaters NOBs of thequtesent invemtiont alomg withhsaltivatep AR Nt

S A 4 S ey b e 12
2,08 i i 20 ) Gt R 3,1

eshwat er envi r )
bel i eunH oftconéentratedmsaltefater A OBe [That doaceitratedBaixtwre isthes tilated $o 2.5¢8. Sriluidur es

i ncor porati strai ot her .t ha thQse straj represent ed. SEQ I D NO |,
SEQ | %W%%qéﬁqﬁ%ﬁ .aBPf%EeaﬁeB! P«ﬁ{lﬁ O“B@Qaeﬁg%mig ,M&@}%ﬂ%ﬂ@’f’a F® | D
NG 7, : _ I t Vi ngg acflﬂri

appreci a g%gglglr?eed;?a ?eedt{?onédagglrég?’e@? gﬁ‘q‘é‘ﬁ@g&m{i’“ g‘?ﬂ tﬁa pr eggirs\t 1§B

i nventwater. | The sonhipositiont maynmchdprsesenal attaihy oFEQItWAtekONOB SEGhe Présént2, SEQ
I D NO.3, SEQ I D NO

\NO. 4, 1.5, SE D NOG6, SEQID NO 7 or S D NO 8
t hat dPEentions WRRID the 463 ZDN OE Hehagleriah RS his HRRIOTde seavaiceof SEQ: ¢ r at o
Furth ; hl O ' i ' ' eqghon with
e | B, B R D R G O, e e B OB 820, "0
| D NOID NGEQot BEQ ID NO:8. In one embodiment, the composition comprises all of the
saltwater NOB strains of the present invention, with the majority of the composition being
comprised of the bacterial stains represented by SEQ ID NO:6, SEQ ID NO:7 and SEQ ID

NO:8 (as used here, the term “majority” means at least 50%).

In another embodiment, a composition is provided for the maintenance of public
aquaria and aquaculture facilities, said composition comprising saltwater NOB of the present
invention along with saltwater AOB. In one embodiment, 40-50 mL, but preferably
approximately 45 mL of concentrated saltwater NOB of the present invention is mixed with
118-128 mlL, but preferably approximately 123 mL of concentrated saltwater AOB. That
concentrated mixture is then diluted to 0.9-1.1 gallons, but preferably approximately 1 gallon
(3.79 L) with de-chlorinated, filtered water, a volume designed to treat 2410-2510 gallons,
but preferably approximately 2460 gallons of aquarium or aquaculture facility water, The
composition may include several strains of saltwater NOB of the present invention, wherein
the 16S rDNA of the bacterial strains has a nucleotide sequence of SEQ ID NO:1, SEQ ID
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NO 2, SEQID NG 3, SEQID NO 4, SEQID NO5, SEQID NGO 6, SEQID NO 7, and
SEQ ID NO 8 are believed to be particularly tolerant of the freeze-drying
process, as evidenced by their ability to remain viable after such a
process, and to oxidize nitrite to nitrate follow ng such a process. Thus,
I n an enbodi nent of the present invention, those bacterial strains

repr e%@%@;@’u‘ﬁﬁ@:b%ﬁ@m Ng%@(g@g%'gq?% SERID N8, SEoIBNO HSEh HEQ | D

NO 5, NG 6, SEQTID NG 8 may be freeze-dried and
t her eN®e8. Insond embodirent| te coniposition comprisesaleofithe saltwarer™NOB atrains oftirent s. | n

anot her enbqdi nent, nethods of, freeze-drying the bacterja_ or bacterial

st rai Psesedf 4BYeIHER W, e’i?‘ﬁ ALy ot ité"eﬁ‘?mg?ﬁé‘g%gﬁ’é'&scww‘? of the 39&@% t he
bact erg hal NS '61%)3};. Qfﬁ)aﬂ | LD a
freeze;ﬁg%ppg%%lﬁg*b?ﬁe g@trg?i‘sé\ggr actéré?/%gc{ggt al n?'s @%ggérd%é%gﬁérgegﬁessur e.
The f reegerit’hexs aelehstd)%), t he present invention produce freeze- dried NOB
- that can be stored in freeze-dried formwhile maintaining their viability

and abilit it entid b | b hkura ' -
ebod; ment s 114 PRt 8uy BlsbTrbAdE bnirp coRlprisi ook SuSE B | i ne

of t h;sbtrplimsapublé nf emidizing autrite it aitpade, twitaneiar the r16Sz¥DNA yofrthe dacteliia hasia. :jn
o th’ ameleqtie sanspoaet SEO HiNE:1 00 B SR D sERELNC, sHdny N s oo
cr y0pf1@b?§%t§gﬁ\qg&l}s_, i%(g(i%’ N oPSEOADARIYS o?QWaﬁ)éht”B&‘g% Wﬁ‘f@%ﬁ Q{n{eﬁ%?hﬁlgs e

bei ng m x¢€ but preferably approxi mat
for arP68peimidaryat édagt IVessimilar,cat. leash 68PFamslat ot iab teastc098% similado BEQ ID

i_mately 4C uynti | ' wh h d t

oro. ;N0 beoHR i NP2, SEGIE WO, SRl NEHh b QPG 58 IO NI Mt o1 y 3
h . ot . . .‘ ! )

Cubl  GQAE of SEED NELA:" oBraBleto i BuubiE of the Ve, i el gl 5750Y
of appiomsiderddetoybeXdnicenttdtedhifithe bictetial strain toccmers i a apientcationt whigh &higheaur s. | n
anot her enbodi nent,, the freeze-drying con L‘éi ons are,i _dént{ii gal , ,aixce_pt for
the fdben iisicanceniation efgﬁrwwhgﬁshaséeeﬁaﬁ ® gongenatn ¢frthe pactenal gBRBssi ve

P enmpor Wilf Pt 184t 30400t hBStal ¥l i s s ergisd b Suablabid 18biclor RO, |
28 houdssmoRGulan probiigwsing floortseannin sit@ybrdizatiors (RISH) teehpiqaesewhichrwillibei on ar e

grown in a medium vm‘i)h a salinity of 30 ppt. The NOB are then treated with
t r ehal avmto those skilled inthe-ast, usipgiappropriate roptirols and spuneratien methods. Motgat el y

appr oL ey A3 SoRERaaB Kbl okt HOufiog %) gy BleBeforl Yoahcoly

sol ut | eweh raoee preferablly 45%apnd moshmreferablyl90% ok igreaor of destbnal cellsh EHomepeanitt hey

are pograg%e%%f%rable to have more than one of the bacteria which have a nucleotide sequence of
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7 or SEQ ID NO:8 in the mixture. In this case, the percentages stated above

relate to percentage of total NOBs in the mixture with the understanding that the balance of

{21

cell population might be comprised of ammonia-oxidizing bacteria or other types of bacteria.

In particular, while not wishing to be bound by any theory, of the various bacterial
strains discussed in connection with the present invention, those strains represented by SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ
ID NO:7, and SEQ ID NO:8 are believed to be especially tolerant of saltwater environments;
although these strains may be utilized in freshwater environments, as well, and are believed
to function effectively therein. Bacterial strains and mixtures incorporating strains other than
those strains represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8 may also tolerate saltwater

environments to an appreciable degree, yet in a preferred embodiment of the present
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pre-refrigerated trays and frozen at approxinmately -40C for approximtely 3
hours. The frozen solutions are then placed in a drier at a mld primary
sublimnation rate for approximately 12 hours with a finishing tenperature
of approximately 27C. In another enbodinent, the freeze-drying conditions
are identical, except for the fact that the frozen solutions are placed in
a dri I t r p | 2
Pour s oo 1 BHGRE s epiBRinked ) S0 10 NPT G DIRCPLSEO NG, Cod

t hat tSE€) BaNOGH|, BEQ MAiNG:S, tSEQtIBeNOzaﬂs;dSEQrﬁm)NQ 7 corsSBQ ﬂheN(b:Seﬂmnhre

I nvent,i ncanb in the form of l&‘\f%j Uld a frozen form a

freezé“"g Jedan £ &3 WGP‘“&H‘{/’”‘B‘?%PE lﬂ“@tef rrl’r?'at\ﬁhl ch may be readily

recognl zed by one of skill in the art. These are conmonly referred to as

' commer ci alFugthetmonee yhileapry wfythe rhactedal stains Aiscussednin oennection vath theo: (1)

allqwdfor wher ei e or of the strain | tions
e §ipresert RO Sy s eamanen g% A TLosenRn SV S BTN SR s
such ek sten)vm‘bslsm D NOLE SER) 15 NO: snsEquﬁdeesEdmlr@eﬁ hfq 8@y se of
storage; (2) a frozen form whéerein one of nore of the Strains, mxtures or
co rrposIDtNOr&sarabdwvedatol Becparrticudarky toleramtof alhmfregzeeq:ymgrpmdeﬁs ias cewlddnmi by
cryopr.gpt.ect Is,.,.which is frozepn and stored

; t t |1
St OPliBeiE GhiliBito s aniip iabie per ek 2 Bragess IR dEE Trigie o D OHagf%en
pr oducsﬁéh fa r8§eefzerﬂﬁsvllﬂ%0émwdaﬁ entBRRR pre¥dif liftvdhtibR S iiSL Yt R %a%s{“ of
one or he Stl’al ns m Xtures or conposi 1t1ons can be store a

nor rralrepxesemtdddiyrsEQ ID &NOvil§ SBQtID N€r2,BEQ IIBtNOt& WEQD <’N®14nGEQ D Neeos, form
of the _bacterial strains and the m xtures OLﬁt he present invention is well

wi t hi PEQADNYH SEQIRNG:T of $EQ B/ NSP:8t1ay bp dtesrt-deed and shgreafter usedstoy) so
underquq(’geﬁlﬂﬁ%)t& Bﬁr;g@ﬁfﬁi%ker%mrﬂﬁm%d the m xtures of the present

I nventi o e use one I'n conbi nati on with ot her conmponents.

Ex | f ]
SR - ox 1B S ARpRRERt HRRLPER P atirre frote . bielria, pp StisEtloprains
het er qfi§P6hed Gersim Ry Iﬁ'o‘?iﬂb&i' Thé theltfyds @binPrise Wedting thé bsoterf br WictdriaPsttand™s Of

the biologically 21 pure bacteri al stralns may al so contain nutrients,
am no with as:;ryqpmtamant. ;dming)them m:orﬁmmcmd duiyinghthe éxav@namrmae@aahmm
pronot e it he rowth of ﬁ.g gr'ecte ahns The bacteri $ and the
it ur e PR E REBSES o e JEere e Delipd B e dresdi g nsh o iS4 F9e28t e o

aquar i died NOBRLE caBdb slofed i ﬁ-é@ié—&%ﬂ €md While! MinBifin NBei®GR y@n of
nitrite. They can also be wused in a biorenediation proCess to reduce the

| evel abilityds dxidizemitrite tenitiste afice thawing.t e. A

)

|-F

In several embodiments, the methods of freeze-drying the bacteria or bacterial strains
of the present invention comprise particular freeze-drying conditions. In one embodiment,
NOB strains of the present invention are grown in a medium with a salinity of 30 ppt. The
NOB are then treated with trehalose as a cryoprotectant, with 40-60g, but preferably
approximately 50g of trehalose being mixed with 900-1100 mL, but preferably approximately
1000 mL of NOB for an approximately 5% solution. The NOB solutions are stored at
approximately 4°C until processing, whereupon they are poured onto pre-refrigerated trays
and frozen at approximately -40°C for approximately 3 hours. The frozen solutions are then
placed in a drier at a mild primary sublimination rate for approximately 12 hours with a
finishing temperxature of approximately 27°C with a total drying time of approximately 35
hours. In another embodiment, the freeze-drying conditions are identical, except for the fact
that the frozen solutions are placed in a drier at an aggressive primary sublimination rate for
approximately 2 hours with a finishing temperature of approximately 27°C with a total drying
time of approxirnately 28 hours.
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bi orenedi ati on process, also called bi oaugnentation, includes, but is not
limted to, the supplenental addition of mcroorganisns to a system(e.g. a
site where biological or chem cal contam nation has occurred) for the

pur poses of pronoting or establishing biological and/or chem cal. processes
that result in the change of one or nDre forns of chem cal conpounds

pr esent t | Hb'aljm tﬁiﬁ? erftion
i nventi onrl;I)lr%i\?]l %rsﬂé. met ﬁ&{HN@? evi atl meaccuerfﬁ%gﬁ OI’]BO ni t ri te in a

medi uwith Bhalinity b630ippt. TteNGB sreathenftreptedowﬂguehalmsetdsea crydprotectant, swiflf i ci ent
armuné(? of one or nore bacterial strains.of the |nvent|on capabl e of

oxi di 99-h 0% ibut preferablyApproxmately H)0gafitrchalose, ey, BH ‘Hi th§R0JA0AmL, bk i n t he

CequoneHEY Speifaichy FOORY; VOGRS it Pimpldl 4 Do i, TP LR | o

NO: 5, sobtidnk [arbistdred &Espprékitately 2°C SBE pfdceddidgd whiercapyi itheyNdre th@Feﬁantd/\'h' chis

at least 96% simlar, at least 97% simlar, at least 98% simlar or at

| east preQefirgenated rtrays aﬁ&(ﬁrdzlal ND approRiriatey MD"Q foSEfploRimitely, 3 8&Gs] CThd\O 4,

SEQ ID NO 5, SEQ I D NO 6, SE 7 or SEQ D NO 8. The ,anpunt of_ the
bact eg’Péqﬂ §PJuEORS s%re.@e%mlmeg B’nta'\gleft 3 aaaa PERRATY r FuBLimipation| B fore or

o *onBorstisPas of? bl e & il Bl of S0 RmbBRORR G " ebiBifatcr or

sal t WaiBsdiRtAR! the TrdeBe-AARE CORUitONS &‘é%@nﬁé&? KRt Fick Hieat tRORGS&] r ati on
by at | east 5% when conpared to the |evel whi ch woul d be attained in the

abs enewutidnstare plaged o & dtierst aniaggreysive primanytsubliminabionirate fier appraxireately2ent i on,

a net hod of _al ating the accumul ati o nitrite in a nmediumincl udes
pl aci ASWs with 3 Sh’é’&' ?Ig'fpga%‘{ﬁ? @P&ﬁ%ﬁﬁﬁﬁ Cot a conposition, as disclosed

herein, for alleviati ng@the accunul ation of nitrite in a nmedium The
corrpos! ti ol isrunderstonst that thenkactariahsiraingamixdures jand comipasitions ofitheprescaht

[ t b f di t t t 16S r DNA of
t o i ERIGEn AL bE f g forch P Phwafl o o e i eiblrified Pres iy N 1
SEQ | Brrnd tabi-forhd) Wi maytie ie&iﬂfrébogﬁ%& bP oNQo'i_f skil B IheArfNCrRese 92 | D
NO 7 or SEQ I D NO 8 or a variant thereof which is at |east 96% simlar, at

| east commoslyneferred toras| “sommepdgh adiditivies,” and may inclade, to esesinmiol veay ¥roit&EQ | D
NO 1 22 SEQID NGO 2, SEQIDNO3, SEQID NGO 4, SEQID NO 5, SEQ I D NO 6,
SEQ IE? NGO 7 or SEQ ID NO 8. In various enbodi nents, nethods of maintaining

fyi ded th | d | to th
el um & U1 cilbHE RMGARLY e BORB G DAL (e STaE JBPBEEEOHBOARORD
Bl nt ai N Ngr Pty Pk olioR BHUERHS R Ralth Br SRl QR QIR bR

viability of the cells is not destroyed during the course of storage;

(2) a frozen form, wherein one or more of the strains, mixtures or
compositions are in a liquid mixture as above, optionally including cryoprotectant
compounds to prevent cell lysis, which is frozen and stored at a temperature at or
below 32°F; and

(3) a powder form, which has been produced by freeze-drying or other means,
wherein the dehydrated form of one or more of the strains, mixtures or compositions

can be stored at normal room temperature without loss of viability.

Obtaining a proper form of the bacterial strains and the mixtures of the present
invention is well within the skill in the art in view of the instant disclosure. It is also
understood that the bacterial strains and the mixtures of the present invention can be used
alone, or in combination with other components. Examples of such components include, but
are not limited to, ammonia-oxidizing bacteria, heterotrophic nitrite-oxidizing bacteria,

heterotrophic ammonia-oxidizing bacteria and the like. All of the forms of the biologically
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bacterial strains of the present invention nmay be conbined with

anmoni a- oxi di zi ng bacteria such that ammonia present in the water system

woul d be oxidized to nitrite and the nitrite oxidized to nitrate. Another

exanpl e woul d be to conbine the bacterial strains of the present invention
Wi th aerobic or anaerobic denitrifying bacteria. In this case, the nitrate
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the conposition is formed by mXxing 0.5-1.5 nL, but preferably
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2.5-3.5 fluid _ounces, but preferably approximately 3 fluid ounces (88.7 nlL)
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publ | NQu8 warai variant thegeefcwhichris at feast 6% similar; ap legsti Wda similar, atolepst 98
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| nvenNa, SEQID NIG:5, sathm-.e,A@EQf D N0 @SEQIDEN0:S. t ik sA6BADfithon i S
formed by mxing 40-50 nl, but preferably approximtely 45 nL of
conc ehaatemal strain(s) g sefficigng ifthe added bacteria can alleviate or prevent the accumulation

of nitrite in the medium. In general, the addition of one or more of the bacterial strains of the
invention to a freshwater or saltwater aquarium is expected to reduce the maximum nitrite
concentration by at least 50% when compared to the level which would be attained in the

absence of the bacterial strain(s).

' In another embodiment of the invention, a method of alleviating the accumulation of
nitrite in a medium includes placing into the medium a sufficient amount of a composition, as
disclosed herein, for alleviating the accumulation of nitrite in a medium. The composition
may comprise one or more bacterial strains of the present invention capable of oxidizing
nitrite to nitrate wherein the 16S rDNA of the bacterial strain or strains has a nucleotide
sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8 or a variant thereof which is at least 96%

similar, at least 97% similar, at least 98% similar or at least 99% similar to SEQ ID NO:1,
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the present invention is mxed with 118-128 nlL, but preferably approxi mately
123 nmL of concentrated saltwater AOB. That concentrated m xture is then
diluted to 0.9-1.1 gallons, but preferably approximately 1 gallon (3.79 L)
with de-chlorinated, filtered water, a volunme designed to treat 2410-2510
gal l ons, but preferably approxi mately 2460 gal l ons of aquarium or
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to, fwm%h\ﬁh%hzﬁﬂt@ﬂmamdﬂwtmphﬂmr%@lﬁwm eVl rsubdeqmmyt bﬁf
enbodi nent of the present invention e bacterial strains and conpositions

may bee wHigash as)w@truatys hyuthfdaasteaabsjra@wof&ﬂﬂrawbmvmn then placed in the
medium | n a different enbodi nent, the _ba_c'g eri al st r_al ns and corrp05| tions
of the preklesﬁve'raivmlbddimemanmb&m& afenamtammgobnfphhf)emg Laquetousmlccharmj in the

e by SR B T P05 SR PR A GAPRRH b2, L ™

but mﬂds@% hitdte-Sxid2figYBadiEhid Gind ahihd1i4-8xidizi gzﬂacfe%far %Qﬁl@%ﬁlboﬁﬁhf?nt a
bacteri al -1 aced polymer material may then be placed in a filter or may

i t sel Mmethed wif amaidtaining hemfei dquania & provided tha comprisés plading mhtotthe aguariased

race. BIECER EBABHNAL AotPUEAoiton R0 RERRERp DPRE MIMAINGE ogihes,

pl ast jesen? inveReon hldRE WAt sdftwater AOB. In one embodlment, the composmon is formed
by mixing 0.5-1.5 mL, but preferably approximately 1 mL of concentrated saltwater NOB of

the present invention is mixed with 2.25-3.25 mL, but preferably approximately 2.75 mL of
concentrated saltwater AOB. That concentrated mixture is then diluted to 2.5-3.5 fluid
ounces, but preferably approximately 3 fluid ounces (88.7 mL) with artificial seawater, a
volume designed to treat 50-60 gallons, but preferably approximately 55 gallons of aquarium
water. The composition may include several strains of saltwater NOB of the present
invention, wherein the 16S rDNA of the bacterial strains has a nucleotide sequence of SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ
ID NO:7 or SEQ ID NO:8. In one embodiment, the composition comprises all of the
saltwater NOB strains of the present invention, with the majority of the composition being
comprised of the bacterial strains represented by SEQ ID NO:6, SEQ ID NO:7 and SEQ ID

NO:8 (as used here, the term “majority” means at least 50%).
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water and in which Iiving aquatic organisnms (such as fish, plants, bacteria
and invertebrates) are placed, and the contents thereof. An aquarium nay be
for the purposes of displaying aquatic organisns, for their short or
| ong-term hol ding, for scientific study, for transportation and other
purposes. A freshwater aquariumis generally an aquariumin which the liquid

medi um hagy ey Noditn &P nibidh thﬁmp% b AN
aquarium ?Isl geneérr(r;lkkﬁyo aﬁhgqsaagfre;ﬁlgi% in which t gull:i%& ‘g&%\e%ﬁj%a{ﬁas a salinity

of nifailititsais pEoyided shyecorprises apiacmgﬁmw tthe raquarpiari aquaclture “facditysed to

refer the medi,um which i s, contained wi.thin the um d

nosoon bicientramow o, & oSty ARG CEPROSAT FEPGriag e beter NBBe ot Bhuar i um

wat ery ﬁ%xt @v&ﬁwaﬁn daflfgfer 9on3 D9 8AYEMhOdinRh A CorfiBRMdiPts fBiRed ances
t ge o as concentr

and, ore have a w de ran paranet érs su ation

of saﬂytmlxmlg#O{SOtmL bhtspmﬂemﬁy approximately d5tmiof cataenirated caltwater NOBof As
used herein, ewat er" .generall B'SLGES to_a liquid mediumwhich is the
pr odube p&seqﬂmvwaw 18 RIxedr Wil 4 - léﬁ ut prefesghly raaawmatﬁla'ele&m oby one

O s TR0t S 52 ol 10 1t GRS

goverpisRRidbly appRRdiatel)ist filloh §B3.79aL) ah&p deghiczieuteds dltaredhwateh)ad volurhé not
di scharged to the environnent. As used herein, a "biol ogical f| lter," also

cal | etesxgneqbtmtrpatt?érlo'JZSer@Hgms, put pte&reblvcapnmnmatpb/r%@pgal anvebaguarivsse is to

ronote the.qro of mc ani £ ovi d su t he
D ¢ acHrAapSugHEe Wt il 8 b o medy Rl B 7l i S S AR,
aquaréﬂlmefprkﬂehetm@ausﬁ,smweﬁf the 165 DN oF thé Ibaétaﬁal%aﬁiésmra nHielesfiasl
herein, the term rotat’engbl ol ogi cal contactor"™ general Ig refers to a type

of bi sefiéncerof JBEQHD: NO:i D NO:3a5EQ ID)NOrédSEQnID NOw,ySEQ BdMND:ét el y or

e ST MR S1) PR S O e SR bl
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mechanical filter or a conhi nati on of these .used. herein, ?uari um
Ve

gravel " reltevidl be appregipted thab the apal levelsaachieved 4p de given sem%mi %68 of an
K,
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filt eﬁewlsl&et-up 37 liter aquarium with ten fish, the nitrite concentration may reach 14 mg/L or

higher without addition of the bacterial strain, whereas the maximum level can be reduced to
about 5 mg/L by addition of one or more of the bacterial strains. In general, the maximum
nifrite concentration would not be expected to exceed 3 mg/L if one or more of the bacterial
strains of the invention is added to such a system. When the system reaches a steady state, the
nitrite levels drop back to below 0.5 mg/L, a process which occurs more rapidly when one or

more of the bacterial strains of the invention is present.

In one embodiment of the present invention, the bacterial strains and compositions of
the present invention are placed directly into a medium such as, but not limited to, freshwater
aquaria, seawater aquaria and wastewater. In another embodiment of the present invention,
the bacterial strains and compositions may be grown on a rotating biological contactor and
then placed in the medium. In a different embodiment, the bacterial strains and compositions
of the present invention can be placed on a biofilter unit contained in the medium. In another
embodiment the bacterial strains and compositions of the present invention may be

immobilized in an immobilizing polymer, such as, but not limited to, acrylamide, alginate or
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decorative purposes or a conbination of these. As used herein, the term
"filter sponge" refers to a natural or synthetic material which when used
in an aquariumor as part of an aquariumfiltration system may serve as a
mechanical filter, a biofilter or both. As used herein, "plastic filter
medi a" refers to a man-made material which serves as a biofilter,

rrech I t t d. In
anot her gér%ig)% tlngiﬁtﬁcr‘guszlhacelda%%seg%@hfgglsﬁlaxgﬂ %)Ig?tg e‘q ?%éd\)\}rf% félgé(%u%ﬁlg%? whi ch
have ﬂdeﬁfbagtdcabﬁlltﬂefﬂ&ﬂmoﬁi sitdble Badility. 1, SEQ ID NO 2, SEQ ID NO 3, SEQ
| D NO 4 EQ ID NG5, SEQ ID NO 6, SEQIDNO? or SEQIDNOB or a vari ant
t her eof VmAé:I?selifhef'é‘in {HRAeHm Sadhdtivih® ¥ mt@ddehete%e&w{%%hf&ﬁ&rwhﬁh thiasd 98%
simlar or at |east 99%simlar to SEQ | NG 1, I D NO 2, SEQ I'D NO 3,
SEQ | Badddfgin cEERinatiok@rin itSEqtitely, i@t ot Bﬁﬁ;eql];g», glaa:s. plaetxc SE'QW)@! th@t Bolds e al so

Gy VLB el B4 o ok R e i
o1 e B by, AR BB iy N SN YRHRRRR T QS oo

ol i gosguatie ofganiems) foib dseinshorther lpngdernt holdineg) fooscientifidstudy,yfot hanspettity
nmet hods which are kno% in the ar{. The oligonucl eot|de probes of I;he
pr eseffid PIhvemr%ﬁS-cén ghwalek PGRATHIM A8 gengially san Agyann ¢n W,

Exanp i J I

radi oBE gt EBLP of TSl LEpUAE pel ol 4 At ag&%ﬁ%% s aI‘I g
mat er mh@aﬂm m@m&m chalijyidaveditbhss a aakinivoof thope t}!mpm s {peP Hdouednd.

ordi nary ski I | in the art. The nmethods of labelin i gonucl eotide or a

pol yni¢ &slnu aguanum xvater'isowad e refrscte e medinny Cehkis Pontﬁlqeﬁéwléhlp thesee,

L abor aftariytt” R o diated it syttt whB tpg gl HebislbeSitg, Aguahff, 00"
ol i gowufékm icdtaiar PRA8e @dnge T inG1RARITY of Giganici chemidal sabb@nées dnd) theléfeR WI t h

16S rDNA of the bacterial strain of the present invention. Accordin Iy, t he
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prese aspect of the present invention, a nethod is
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methods to render it less harmful to the environment such that it conforms to dxscharge

standards as determined by a governmental agency. Wastewater may also be recycled such

that it is not discharged to the environment.

As used herein, a “biological filter,” also called a “biofilter,” generally refers to a
filter type whose purpose is to promote the growth of microorganisms, or to provide a
substrate for the attachment and growth of microorganisms. A biofilter may be part of an
aquarium filtration system or a wastewater filtration system. As used herein, the term
“rotating biological contactor” generally refers to a type of biofilter which rotates in the water
or medium. It may be completely or partially submerged in the water or medium. Persons
skilled in the art will recognize rotating biological contactors as embodied in United States
Patents Nos. 2,085,217; 2,172,067; 5,423,978; 5,419,831; 5,679,253; 5,779,885 and all
continuations, improvements and foreign counterparts; each of which is incorporated herein

by reference as if fully set forth.
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NGO 8. The nmethod may include: (a) providing a detectably | abel ed probe of
the present invention wwth a nucleotide sequence set forth in SEQ I D NO 14,
SEQ ID NO 15, SEQID NO 16 or SEQ ID NO 18; (b) isolating total DNA from a
medi um (c) exposing the isolated total DNA to the detectably | abel ed probe
under conditions under which the probe hybridizes to only the nucleic acid

of the bac | ekl » ENGr ' Laegd de
sequence o‘?ﬁééé%} lIle[g .ﬁ}t,& hg%Q]rI@%r%Q 2, Q%é%ff%ﬁﬁg)&g{ah%ﬂ? I &%ﬂﬁ SEQ ID
NO: 5 strafidgd Mafdfiab whthOmay sei@ @s arbiShidet, 2 MecBanical dilted or detembinatipnaoi
measuying the hybridi zed probe for detecting and neasuring the quantity of
t he eria. The probes of the present invention are represented by SEQ ID
NO 14, SEQID NO 15, SEQ ID NO 16 and SEQ ID NO 18. A sequence that is at
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be aqyak, sRIVBIAte oMRR& Matetial. DM niay §eroé ab adbiofiResTar ABkhahital AL iy can

al so contain a material such as aquariumgravel, sponge filter naterial,
f i | t elecorative purposesgirastombifiationenf thesdi a, but is not considered to be limted
to these. Accordingly, the DNA can be isolated fromthe above and ot her

sour ces WhAs esed ledieib pihie agrna“filter sbongetREdre tb a hatubed of syifisktic thsteridwiaeh of t he
present invention can be performed in conjunction wth a DNA chip, or
si mi |vdhen ysads ik ABWHAVEE U 6E &S diarks of |an pguariym filtration EYgreng N3y Serye igdd ude a

sol i gn?%x%@#wég&]gb%ﬁ{éupb% nucl eoti de derivatives or their anal ogues
e P ¢

fixe carrirer via coval ent bonding. Detection of a nucleic
acid fragment wth a chip is genperall er f ormed, usj ng. r obe

ol i gonucl ggﬂ‘ﬁglsﬂ{?@h ?@oﬁ%réﬂféﬁ? a\"f“ﬁégf‘ﬁ'&“ﬁ’ﬁ‘&ém&&é Hgmﬁrsg‘aﬁ%ﬁta to be
det egt; Hy@%a@ b bél | i ' is generally

fi xe?lgﬁ%tgll’)tx e so Fﬂ@%&?ﬁ%ﬁlﬁ( Iet%gay gi'@a?%@@ﬁbdg?rog?ggﬂoﬁgﬁél gd detection
process, almamdthércembodimefi] nuckimecitl sequencesiapd datferjaiwdthnmsequibncep wiictded wi t h

e bR B et P NSRS o S B ST T
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Wi t h lehst 96%odimilar, at least 97% similar, at least 98% similar or at least 99% similar to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 or SEQ ID NO:8 are also provided.
In another embodiment, oligonucleotide probes are provided for detecting and
measuring the amount of bacteria of the present invention which are present in a medium.
The probes have the nucleotide sequences set forth in SEQ ID NO:14, SEQ ID NO:15, SEQ
ID NO:16 and SEQ ID NO:18. The oligonucleotide probes of the present invention can be
synthesized by methods which are known in the art.
The oligonucleotide probes of the present invention can be labeled by any labels that
are detectable. Examples of suitable labels include, but are in no way limited to, radioactive
labels, fluorescent labels, and the like. Suitable labeling materials are commercially available
and would be known to those of ordinary skill in the art. The methods of labeling an
oligonucleotide or a polynucleotide are also known to those of ordinary skill in the art (See,
for e.g., Sambrook, J., BE. F. Fritsch, and T. Maniatis. Molecular Cloning-A Laboratory
Manual, second edition, 1989, Cold Spring Harbor Press).
The oligonucleotide probes of the present invention are able to hybridize with 16S

rDNA of the bacterial strain of the present invention. Accordingly, the oligonucleotide
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ol i gonucl eotide by hybridization. The | abel ed nucleic acid fragnment fixed to
the DNA chip by hybridization with the probe oligonucl eotide nay then be
detected by an appropriate detection nethod such as, by way of exanple,
fluoronetry or autoradi ography, although other nethods for detection may be
utilized. The nethod may alternatively be performed in conjunction with a

w de L.e qﬁ@écmc | r y. by those
of S@’cﬁek.&fyﬁ% rg%’lt& an [ gﬁ‘g‘ﬂ‘aé yfﬁ;&%\% Ir‘lﬂe aegxggxlrolhn%%f%?& %%9 way of
exa”ﬂbﬁnnirﬁlgmehqhﬁxthtpbfblaetema&ﬁ'ehﬁpresemvmennm may be performed W|th DNA or
protein m_croarrays Il osensors,, bi oprobes, _capillary electrophoresis, and
real -ti me Ipcyuet aspetnet PafePTessRtoiveRtioNs o misthedsis Bt gﬁr detecting |ange

readi| s]e] . t ty

all - idﬁ%r FOsTV Qe%e‘rh&&é@y gg?lﬁ%ﬁgnn‘ge?ﬁé%ﬂé ?’ £ (ﬁ&dﬁ g %él nv o% gs an
ef f eqilieydin 0l 68 EDNANA tihe batbetid Ris @m@bleaid%cdeqﬁd@@e 6£SE%] N©): pfsEchDer ia
- capabl e of OX|d|Z|n%En|tr|teto nitrate in a nmedium e net hod al so

pr oviN(@2, §EQda NP3, SERIPNOBSEQ H NBEQ IR NQibe SEQIBENO or# QIR ne t he

effe i ves, by neasuring the occurrence or the anount of
t he E\(&Q;éer' l@%&’éﬂ&ﬁﬁ I nvention. In another enbodi ment, PCR priners
are provided t g HS@étettablyelaBéled 'If:%gbe bﬂcmerpreseﬁﬂ%veuﬁb@wﬁﬂﬂ@ d
sequences of the presen i nvention. The rimer pairs are represented by

SEQ | D NOm®leatide SEgQerice MMMMOSBE@INDL\E SEQaHIII‘@EtS |SEQEDNO:16/0rsequence
that is atstﬁézﬁ 6% simlar over the entire length of any of the
af orenent i ’pri nmers may al so be used to detect the bacteria of the
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exanples. It would be Teadily apparent to one skilled in the art that
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| sol at ed bacter ated bactertial Strains; bacterial nd
nucl eot i detheqqamm:eﬁthcbmptam ng the sequences identified herein as SEQ ID

NO 1. SEQ 'l‘he probeé o?%h Ip?esl,\elgtamv Sl%ignl a[1)'e I\Qprdésen%&ijlr %EI}?]B Nglzzlg, Ié%é\l(ﬁ)& SEQ
NO:15, SEQ ID NO:16 and SEQ ID NO:18. A sequence that is at least 96% similar over the
entire length of any of the aforementioned probes may also be used to detect the bacteria of
the present invention. These probes are further described in the ensuing examples.

The medium can be aquarium water, wherein the DNA is isolated therefrom. The
medium can also contain a material such as aquarium gravel, sponge filter material, filter
floss, or plastic filter media, but is not considered to be limited to these. Accordingly, the
DNA can be isolated from the above and other sources where such bacteria may be expected
to be found.

The method of the present invention can be performed in conjunction with a DNA
chip, or similar tools known to those of skill in the art. A DNA chip may include a solid
carrier and a group of nucleotide derivatives or their analogues fixed to the solid carrier via
covalent bonding. Detection of a nucleic acid fragment with a DNA chip is generally
performed using a probe oligonucleotide which is complementary to the nucleic acid
fragment to be detected, by way of hybridization. The probe oligonucleotide is generally

fixed onto the solid carrier (e.g., solid substrate). In the detection process, a nucleic acid
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NGO 7 or SEQID NGO 8, or variants of those sequences. Particularly preferred
variants are those in which there is a high degree of simlarity to SEQ ID
NO |, SEQIDNO2, SEQID NO3, SEQID NG 4, SEQID NO 5, SEQ ID NO 6, SEQ
ID NO7 or SEQID NGO 8. The present invention includes variants that are at
| east 96% simlar, at least 97%simlar, at least 98%simlar or at |east

oA b P By FEAM RN RSt oEE R R P2 12,

that ghd tHeashy eonplebighidtiay be beougkt inte Goritact twith thiet rbmmgbnaalk&umsf thae a
reference sequence = (such as SEQﬁ_I D NG 1 SEQ ID NO. 2, SEQID NG 3, SEQID

NO 4, Dstztg hm N;bhsla@ nmlelst@csi St i e spmple lesmtgduecmlslpemam todhso be

ffi dual b
vari ofte oligbabERoiaS F%} Tibelen mie1E P acih SraglBUR, 7 SottRed il SR LB,
bact ep)igenudRbli@éby Bk/bridfzafién.t ttﬁe lwelearm@te@@ flcidet (ﬁfxe@'% fRIDRA élhg
bacteria issued in fhe United States (see U. S. atent Nos. 6, 207,

6, 265bgdeybridizatior> &8tk 3lag prokel ohgmaelemdeemay them drei tlntecaedtbyl aouppfepriaequence
and any, variants .t ha e eat r th 1% horml .o t hat uence. The
i ssuaﬂgtﬁ clgn tnr‘?b?g %‘Eﬁ’e "r"é{"é’et 'E’%)‘E&"Fl @’taﬁé rth
parti SHte?haeﬁﬁﬂk‘?&%@e Qﬁi&iﬁlﬁ'e@g particul ar variants enabl e one skilled

in the art to mak use the sequence and its described variants. In

addi ti on, |’m1e|methmmmuy allerhitivedy be tpesformed unt:smdnmdmwuthga witdec Variety abd
sequences al so discl ose, nd, Iai vari ants .o ose nce (see, g.

U S. apiopmaiad RERcessgsy %2 Y 1reeogized 6{’37@* agy and’
partl I y t r i sns or
par ! SR kB onsﬁt“éﬁ‘e AR ;t)étﬁt‘ &ﬁ@%‘%@?ﬁ

gr eat imlientiosithay <bb pad'oﬁmeﬂawlthni)Nm crmpfoﬂmn mgzremayendmsendom, hbioprobesy| and
syntheti¢, are common and \éf'l known in the art, alon {h nmet_hods, f or
maki nGaRIHATYS)eRIoRRQrE SIS AndNe $ER togngge sgme commen mehindologicsuaithough and

6, 509 r R e nucl eoti de
sequences %er%{%\/\wiﬁ%‘gaﬁﬁgggﬁi g‘r"{l %gl?rﬁpqtg‘? ‘Bfégﬁéﬁ{:%&st@r"g‘ﬁ%‘?% i dentified
usi ng conpuherdefection anethed oft th?apﬁEéiaTth\?énaoﬂ pﬁL\&&a& d1s effectivegool for Sne Rat ent

No. 6,461, 836). Further, hybrldlzatlon used. to detect the simlarity
bet vveé'PPW@Fla&ﬁt letegt the eawrencg of hastesiactap @H&@ airitect ogm tralg &) apat ent

synt heSI ze agi'dh %Ia@df n&%&e‘lo%l géoilgﬁ)tgﬁggét thhat ar e varil an dﬂ'ﬁl?k ltx

r ef er gleteemiaecthe Bﬂ‘ectbweness' ofthi radditives, Byningasasing The nedurrence ar theeamduint @fi on
that 29 describes a nuqleotlde sequence and its variants allows one skilled

i n t hdh@bactery qfdhepresentaventionat sequence and its variants.
In another embodiment, PCR primers are provided that may be used to detect the

bacteria and nucleic acid sequences of the present invention. The PCR primer pairs are
represented by SEQ ID NO:19 and SEQ ID NO:20 and SEQ ID NO:21 and SEQ ID NO:22.
A sequence that is at least 96% similar over the entire length of any of the aforementioned
PCR primers may also be used to detect the bacteria of the present invention. These PCR
primers are further described in the ensuing examples.

It would be readily apparent to one skilled in the art that variants of the
aforementioned oligonucleotide probes and PCR primers that still may be used to detect the
bacteria and nucleic acid sequences of the present invention are within the scope of the
present invention. For example, a variant of any of the oligonucleotide probes or primers that
differs from SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:18, SEQ ID
NO:19, SEQ ID NO:20, SEQ ID NO:21 or SEQ ID NO:22 due to one or more nucleotide
additions, deletions or substitutions, but still may be used to detect the bacteria and nucleic

acid sequences of the present invention, is encompassed by the present invention.
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EXAMPLES A series of assays and experinments were conducted to isol ate,

i dentify and show the efficacy of the bacterial strains reported herein.
They involved a variety of bacterial culturing techniques, nolecular

bi ol ogi cal anal yses of DNA extracted from sanples of the cultures,

nmol ecul ar biological anal ysis of the bacteri al strains and the application

f I f, t.he. b I
reese-ri i Prs pvefion Reimbes s aied bhdtims iootal nebisrldetnd ieteriel 1 ¢
concegilhfds 1 nudiettideldeqhencBs biptisingUtht Wel ﬂ&c@@@d&i‘hﬁé& Herdin Wi SBQVEPSel s

(termed reactors) were constructed and seeded with bacterial biomass
gat heN&il fSEQnID 21 SEQ Hy Y- BaSEQdBI'Nﬂe‘thEQ IDNOGI5 SEQIDNQ:608EQ I ner al

salt in d l.ed wat er) coptainj 50 2P4, 50
oHpaRO T gr 3¢ TRATMD or fafias 5 &%ﬁéﬂ“ Bivdehiatif agefirod sariants s
rovi t e 7.5
L ﬁ@?? ?II%&*‘I*‘E%@%I%I’I%%& AN 50 IO SEp TINRRLESEIY
cabl nNBIO: 3t SEQ AD MO M 1SEQY M NO: SFSEQ ]IeN@dSL 8EQoID N(MccmlSEQ MANOI8.sThai ns of
NOB of the present invention in sal t\ivat er . envj ronrrlent sgg/;ynt hetlc sea salts
eRRt !

(I NSTWWWO%GM Chias e 3k 210, o ash poosimilay, fp sidlars ¥ lpashch a

salt G | |

sal ¢ SPASEREA 200l S0 RER (EREET REop O%Tl?’ﬁﬁmﬁﬁaw}g??% A
Tecat NO E| SR AR N 3 OSEQSIDEND: 6 SE ID NOFor SEQ IIN@. i ishipprecikalrinithele
(Denver Instruments Model 225 pH | SE rreter and associ ated_ pH ATC el ectrode).
Sal i npxtyhat gisslogyras tepelingthase aklﬁsi inibgart o to-mpks and usea referancg sequence

Condugt i Ni I

oo Tibial ¥eRTDNG, DISEHINGS, SEBIOII00, REG RN u it NGB, SEI'S ©
ret ai NOl6] SEQ P NOHCsHOSEQID NORB)WilEdlse ba@aﬁ‘mdmc@waa: hlmh arbindi¥iégal t¢ Vvery
floccular in nature. Thus prior to decanting 50% of the reactor's vol une

throu@lﬂkﬁthWﬁhﬁ)ﬁspabédgwsi ng port, the biomass was settled by turning

Feactors vatis?sorffinty:abfenid bhishS MEGHARL MCbrRRE Bilerid Mebof(BE Y e
and t hsihglthe Ifa@ieﬁﬁ I&nﬂ higethbdy Gfsdetdcting Heesttdriarissued Gn MeCUREdOS tatts (Sde BINP! es
were taken routinely for DNA extraction (for PCR) and cell fixation (for

FI SH) Prisnt Nos.t 6,207, @36%2065?0@\/5@@325%0#‘511 ¢hrpe patentsngaseribe ammeloetidect i on
sequence and any variants that have greater than 96.1% homology to that sequence. The

issuance of these patents demonstrates that specifications setting forth particular sequences
and describing particular variants enable one skilled in the art to make and use the sequence
and its described variants. In addition, it is common in the art that patents disclosing
nucleotide sequences also disclose and claim variants of those sequences (see, e.g. U.S.
Patent Nos. 6,465,621, 6,509,170 and 6,573,066).

Variants of particular nucleotide sequences may be naturally-occurring
polymorphisms or synthetic sequence alterations (see, e.g. U.S. Patent No. 6,485,938). A
great diversity of modifications to nucleotide sequences, both natural and synthetic, are
common and well known in the art, along with methods for making the synthetic variants
(see, e.g. U.S. Patent Nos. 6,448,044 and 6,509,170). Methods for comparing the similarity
of two or more nucleotide sequences are well known in the art. Similar sequences are often
identified using computer programs such as BESTFIT and BLAST (see, e.g., U.S. Patent No.
6,461,836). Further, hybridization may be used to detect the similarity between variant
sequences and a reference sequence (see, e.g., U.S. Patent No. 6,573,066). Thus, one skilled
in the art would be able to easily synthesize and identify nucleotide sequences that are

variants of a reference sequence by using known techniques. Therefore, a specification that
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For DNA extraction, sanples of appropriate biological filtration nedia were
taken and resuspended in cell lysis buffer (40 mM EDTA. 50 nmM Tris-HC, pH
8.3). Sanples were stored at -20C or -74C until extraction. For processing,
| ysozyme was added to the sanples to a final concentration of 10 ng/nl.
After incubation at 37C for 90 m nutes, 20% sodi um dodecyl sulfate (SDS)

o r dtorpet 8 pRr bl s RER i iaRls A A E SR 530 mRE T IEY ST ook
COﬂCQHdtrséﬁﬂeﬁBean“tQtefw-iﬁht)s. to a final concentration of 2 ng/m and incubated
at 70C for 35 mnutes. In some cases, additional proteinase K and SDS were

added and the sanple was incubated at 55C for another 30 m nutes. After
cell lysis, DNA was extracted using EASY DNA extraction kit (Q agen Inc.,
Santa Clarita, CA; hereinafter wwm was eluted to a 50 pl vol une
and quantified by Hoechst type bi ndi ng and fl uoronetry ( DYNAQUANT

200, Hoef ef ERAIJTRRtdYs alll Ob@Rtimefis wereddnlusiea it tdlaté Alentii A kHows tHel One
Li braries ofS PCR Arrpal’i'ifi ed rRNA Genes Clone libraries were derived from DNA

ext r affisaciyrof thethaotesiskstrainspteportedihensint rthay invalyed avariety ofihecterial clauing i al

ri bosonal, RNA gene fragnents fromb ria represented e sequences SEQ
| D Nofbmiagesy Rgere bRGESI e SEENAPresded BB vl of B GRBE No 6,
SEQ | : NG B e h st | bl 4t R e tAABTRLH - t-
o011 o RE G R LE HEBRGTR Sahlpe ) o \EPPHICRTS opms hideed

( eubamuitardsadf; the GadfteridGh@ihs ATTiquid@nd fece-driid fonn NQqiaia tiaitasnee thefr ons,
cycl e par ameteroi,, .and reactjon conponents were as previously described

( DeLcAbality to centr te CRpeqRREANONS,  coastal narine environments. Proc. Natl .
Acad. Sci. USA 89: 5685 - 5689.) PCR products were eval uated by agarose gel
el ectrophoresis. PCR fragnents were cloned with a TA Coning kit
(I'nvitrogen, Carlsbad, CA), as dEXAMPEE 1n the manufacturer's directions,

after rinsing with TE buffer and cor&sﬁntrating to 30 pl with a CENTRI CON
concentrator (Amicon, Inc. Beasteria Gulturing =xAVPLE 4 Sequencing and

Phy! ogenet gl g \Vesk (B HOREGS) 'R Etuake W' RBIL Y 1 5o

t he cl one rary were Screene restriction enzyne ana usi ng
t he ripRteriat bioaassgatlered fiaen bpdrating aqudeia. HEacheacter re¢divdd 4.96L d6Sntindual | nsert

was anplifiable and detefm pe, whet her t 16S r ossessed
> g.lpt Isohlltion ?made up ?n cfistiﬂed water) contalt}ﬁng 50g %P&,S?Ogsizm&, 18.75¢
MgS047H,0, 1.25g CaCl;*2H;0 and 1g FeSO4*7H0. Air was provided such that the
dissolved oxygen was equal to or greater than 7.5 mg/L, stirring was provided, and the

reactors were kept in a darkened cabinet at approximately 28°C.

For the isolation and culturing of strains of NOB of the present invention in saltwater
environments, synthetic sea salts (INSTANT OCEAN, Aquarium Systems Inc., Mentor, OH)
were added to reach a salt concentration of between 28 and 33 ppt.

The ammlonia and nitrite concentrations were measured daily using flow injection
analysis (FIA, Tecator FIAST AR 5010 system) while pH was determined with an electrode
(Denver Instruments Model 225 pH/ISE meter and associated pH/ATC electrode). Salinity
was measured with a YSI Model 30 Salinity, Temperature, Conductivity probe. Nitrate was
measured periodically and the data were used to determine when water changes were
required. Bacterial biomass was retained in the reactors during water changes because the
biomass is very floccular in nature. Thus prior to decanting 50% of the reactor’s volume
through the appropriate sampling port, the biomass was settled by tumning off both the air and
the stirring mechanism for one hour. Additionally, reactors were periodically scrubbed to

remove the biomass from the surfaces and thereby return the biomass to suspension.

30



uni que REA pattern when digested with the the Il enzynme. If a clone was
anplifiable and possessed a unique REA pattern, then the clone's plasmd
containing the 16S rDNA insert of interest was partially sequenced. The
anplified PCR 16S rDNA tenpl ate of each clone selected for sequencing was
cl eaned usi ng the PCR Purification Kit Catalog No. 28142 (Q agen).

tS:(rqrg e cy e seq e%%rg,g ﬂ'g]fcﬁluorggcgrwlglef‘&gé@?pr|%a§gg%§&% THERM

EXCEL(fbﬂFISH)lébﬁhﬁhmmIaﬂwlskl ts (Epicentre Technol ogi es, Madi son, Up to
two or three clones of the sane REA pattern were partially sequenced to
ensure that they were identical. Many clones were fully sequenced and

phyl ogenetically analyzed by PAUP (Phyl ogenetic Anal ysis Using Parsinony
ver 4.0b2a, D.L. Swofford) (boot EXAMPIMERues and di stance analysis), ARB (A

Sof t war e Envi r onnent fo ueny and 0. Strunk)
- (phyl ogenetic tree) an P?i‘?ﬂ? WBEE&?“T’#&F?%@B Package J. Fel sentein)
(simlarityg PN, d168ical SRa m t he
clone 1|i bl‘g?l es Amg%%‘a&c?eve 0 u3|}§§8%%elbrlob€lc§e3| gﬁ&gn pare?)v%lzé trfajé%ﬂg
pr ogr ankrezaspenddd mscdl tysis hwﬁﬁnra([40 mIMgED@At 50 I?nMn‘EnsI—Iﬂi,der&ia‘J)esSmples doubl e

checked vmth BLAS ts et al 1990. . Basic | ocal ment t ool .
J. Moweregitgred azl@ Eoet nfoé unniéxesefm i Epr progessinge [ysprime w eddedls ni ned

ggcgzgﬁgpéi; e spe(l;:')%bé::‘rﬁa ?ﬁqﬁ gﬂde‘gﬂ&mg‘é‘afﬁste a’gdldnfoybﬁ?%lﬁétﬁgtures of

knodethhaiddac)a@dlfatea(Sﬂlsesvdsraddbd he arﬁmltconeentrEbfé‘d\/B’f_ IE’/oS 'DGEEhé\mhples s and
Profiling For general eubacterial DGGE anal ysj s, ragments_were

anpl | Mergisubieated tonfour iirrege(thaws sycles doMoweds by the a@@me&p vedK Aseckne) (SEQ
| D No; hy Y, y et

al . ( .m%r%@’e mi@nﬁgé M o%egl#e QE ?2 rrg)qn gﬁéﬁ{)eﬁgaggpecr::\@r#ﬁnkton
from mdeutesnl f sonié sases) aduditiciml mqeﬁraedmmdismwenerwde@mﬁthe

el ectrophoresis of 16S rDNA fragnents. Appl. Environ. M crobiol. 62 2676- 32
2680) incyhated aleS Y e far arother 30gpinyles. nj v- 0519- a- A- 18 (519r: GWA TTA CCG CGG
CKG CTG (SEQ 1D NO 12). For specific NOB DGGE, the forward prinmer of 358f
(SEQ I D Nd.ﬁbl)celslmlym,dDN& Wps @&tredsfadplsmg EASY5D N eixtraction ks Qidgen Intie

o 15 penBicler R, Rereinaie Otiben Y RNEHES Pl A U A B oCy oL e

GRADI BYHo6hst $}ﬁe@t3998 '&96 bling QAd AuofeMetSIDYINA QR ANE 266 16e6rePHanhadi4d agen) .
PCR conditions i ncluded a hot start (80C)

Biotech Inc., San Francisco, CA).

EXAMPLE 3

Clone Libraries of PCR Amplified rRNA Genes

Clone libraries were derived from DNA exiracts from biomass samples taken from
reactors and aquaria. Bacterial ribosomal RNA gene fragments from bacteria represented by
the sequences SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8 were amplified with the primers S-D-Bact-
0011-a-S-17 (8f; GTT TGA TCC TGG CTC AG) (SEQ ID NO:9) and 1492r (eubacterial;
GGT TAC CTIT GTT ACG ACT T) (SEQ ID NO:10). PCR conditions, cycle parameters,
and reaction components were as previously described (DeLong, E. F. 1992. Archaea in
coastal marine environments. Proc. Natl. Acad. Sci. USA 89: 5685 - 5689.) PCR products
were evaluated by agarose gel electrophoresis. PCR fragments were cloned with a TA
Cloning kit (Invitrogen, Carlsbad, CA), as described in the manufacturer’s directions, after
rinsing with TE buffer and concentrating to 30 pl with a CENTRICON concentrator
(Amicon, Inc. Beverly, MA).
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and a touchdown procedure. Initial denaturation at 94C for 3 mn. was
followed by a denaturation at 94C for 1 mn., a touchdown annealing from
65C to 55C for 1 min. 29 sec. (the annealing time during the touchdown

i ncreased by 1.4 sec. per cycle) and priner extension at 72C for 56 sec.
(the extension time was increased 1.4 sec. per cycle). The final
tenperature series of the above thermal cycle was repeated for 20 total
cycles, followed by a final extension at 72C for 5 min. Anplicons were
exam ned by agarose gel el ectr opBXIMMPLE $CCE was perforned with a Bi o- Rad
D- GENE System (Bi o- Rad Laborator| es Hercul es, .CA; hereinafter "Bio-Rad").
Gel's were 8.5% acryl ani equensingand Phylogenetic Analysisit s (D GENE

Bi o- Rad 1 olLh sﬁ?%ﬁﬁﬂktﬁgﬁ me el A el A BN Rl B T APk 0

denatby teaftictioh@diypnt aedlysiSREQ) tbikg théfusriction inghmne Hae dlItin iokdeR torexduré € Of
40% dl!(:}lF on| zed forﬁngm dey and 7)M5%frgea) and the Bi o-Rad Sgradl ent delivery

syst el thedsS DA inser wesamphifishle and deternying avhethes the 16 rlaNA@qs@qsee%n at

i st Y%hﬁu?eeéﬁ%( e Bon s BAOHE e aee L PR o o SO S oo R g o 11
here'%@s&és@éd a Malqae REX phivédanihes the £16he’ 391a§in'ili corit € 183 rBNAinger of Wash i n
| X TAE buffer, and then scanned usin FLUORI MAGER SI (Mol ecul ar

Dy naninteryst ijpmldl]yilse@lmm weFhe amplit @hPCRo LUR) hBI\Mnghtesoﬁsachgclone
al cohol rilized scal tract |1 t he
net ho%@e“z?delf‘&r IF?Zqéle’é?m%tl cﬁfa’?%( g’@ﬁ;{% n@ﬁ&%& h@ ent gel

el ect g@ﬁ@&pobl atc%g Was e}toﬁl@e% ﬁéﬁ% i@tO‘Reﬁbmpé:lltéﬁlhﬁﬁ Dmaéegtéﬂaer n _hot

sprin mat com*rumty Environ. M crobi ol 40-346.). The
exci stemplﬁamycmgqlmmcémﬂlrﬂmrssmﬂy abeledipriergand SEQUIBEERMIEXCOBLII st eri | e

dei on wat er he al f - th gl ass beads (cat.

no. 11 §ﬂ“°nﬁngl%§éEﬁFg&?c’f§°hpﬁ 8168, @3#?%5 le, OK; hereinafter

"Bi ospec”)_and placed in a nechani cal bead beater (M N - BEADBEATER- 8,

Bi ospec) fHptg twprort%rpemeesm@thw@mg&mwterrrwqm@a&xmum tesaswed in

cont r HRE e wére 8BicRl Whany Cobis (o2 P HaBhAU O phylSechidiGly | afizpa
fr agnptPAUR @hﬂbgﬁidnat&ﬁﬁlyswS{J'siﬂgﬂPa%Eﬂidr@dvérm 6b24; IR Svaitfordjofbootstiye. 33 To

check the extractlon eff|C|enc t he super nat ant was sonmetinmes re-anplified
wit h velges andatistgngergnaly! Sofwarg %\yﬂmt fop Sequenes Patgn Wind41dwdgisi der ed

accep | m.gr at ed
w e FRE Steyok nztv*&&ﬁgﬁgﬁn%e %%ﬁ@&kﬁﬁﬁﬁo Ul Palil 1° ReBBP 7 e
seque (similafitythgtrie).c Pirdrsmmd porobes fof tecviartetof ierdshfront the Ictdm&ﬂibraﬁes evered
nmet hods using fluorescently | abeled priners.
developed using ARB probe design and probe match programs as well as after manual
alignment. Primers and probes were double checked with BLAST (S.F. Altschul et al. 1990.

Basic local alignment tool. J. Mol. Biol. 215:403-410). The specificity of the primers was

determined by using them on IDNA extracted from clones and pure cultures of known
bacteria. The specificity of the probes was tested using pure cultures of known bacteria and

samples from the reactors.

EXAMPLE 5
DGGE Analysis and Profiling
For general eubacterial DGGE analysis, IDNA fragments were amplified using the
forward 358f (eubacterial; CCT ACG GGA GGC AGC AG) (SEQ ID No:11) with a 40-bp
GC-clamp on the 5’ end as described by Murray et al. (A. Murray et al. 1996. Phylogenetic
compositions of bacterioplanktonn from two California estuaries compared by denaturing
gradient gel electrophoresis of 16S rDNA fragments. Appl. Environ. Microbiol. 62:2676-
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EXAMPLE 6 digonudeoti de Probe Devel opnent 4 i gonucl eoti de probes | abel ed
with fluorescent dyes were designed that specifically hybridize wth the
16S r RNA gene sequence isolated fromclosely related bacteria from reactors
in this study. One probe, SNOBTP (GIT GCC CCG GAT TCT CGI TC) (SEQ ID NO
14), targets all Ntrospira-like bacteria found in this study, which are

| 5 NeR) St olfse VRS SRRy R M g A TR fog o B 5 550

ni t r 'G’PG)O ﬁ? IDNOIEpY qs(arup%dlﬂtyNUE D@@Be&ﬁeﬁmﬁdﬁﬁ&eﬂ &F 331! (SEQIISEQ | D

(the rococcus-1ike bacteria), and also to exclu5|on of the
al phé‘ksllbdwuh i 4hbp GE-<dasap toar the 51 end was wsed)iwithy therreperse primet NEP685

o+ 3 BRPpF FACERG K mre fhE BT ol SRRID B T FR s pembithne cont age.

Of ZQA/ére"ﬂ% & SR 1shdP WeRCp effSiRtP oh @ \ROBEC FCAERT CRABIERTT 96 (S trhthgdnefal D NO

can be used to target a specific G ade of Nitrospira- Ilke bacteri a

| (deéugnaucm 1@iugdhe mQ ml?c:mmint(éllage;ﬁnﬂ’@& ¢opditivas freinded adwot start §030)D NO. 3,
Che (9Pt eueBMnpBcedite. o Al GoRGtFRHOn o AT o PO TS CMANE T8
Z(rjgl g‘ﬁ@%@%“?@?%@%% %%%ﬁ %ﬁh@?’g@@%t{{%@ qg}dl %"n c%l | sr Fgg; ed

wi t h (tHeuairealiny timeNdihgghe tbmhdothA)creaseH ByBAG3sHS. @&'Eyﬂé):a'nrd:@nn%T AGG
AGT) (SEQ ID NO 17) which is alsq | gbeled with fI uor escei n- ON. Thﬁn

per CM%@H%VWOEé6 isgc.othg extensipn Umegyasdpcressed didisee. perNgyelehsFhe Bnali ke
nitri S el d of
U1 cw GpRELE S of EGSYS B cBe e XaRaitr 5 otoyeled tollobBF oy el
anot hgfal amldnm@cam ®nifi Aﬁlpﬁﬁbnﬁweﬂelekanhﬁdtbgr &oé@lgalem&bpubr@mde 2)
which is represented by the sequences of SEQ ID NO. 6, SEQ ID NO 7 and SEQ

| D NO 8. Th&EE A4 r 985 o RAESHR eﬂ%) abel ed
with fluor ESCgI n- O@élﬁﬁr%g%bn‘?lntgt [ (tﬁovm th t(\igﬁ(ﬁgr?gra bgsRad/NM%E%%gbﬁgﬁQ | D

:\IObliil)If(;jrchlabeCAd heieinafiey - ‘%«onammd”&usﬁema];ave@sm%nmmi’qwmms;mg iBio-Rado )
T |
oaaﬁer%egq%h&oggﬁﬁ% Hredis RSB NI AaC ke OBt Bz oG PORE] U8Rgani oms

Z;'CZ i 2%% S %‘%’M‘r gcni %1)\19 E‘l\é&zfoghﬁﬁsﬁ‘ RESERPAG, Bid-RYA)N Witk 80&naf Mﬁiﬁg (CTC

(SEQ | targets Ni t rococcus- 11
ni t r i gredienti afi %P/nga 55%) dwtenes 100%6 ddnamrmtrleprmmane ol 40% Biwpizdd fdfmamihnd SEQ

Lﬁd Noan 7tl\% and | ush?o l&fd gll'aldlenttt{e?lvgryr sysLem delr 4I7§ Blo-ﬂacﬁl unless gani sns

otherwise noted. All gels were run at 200 volts for 6 hours. For documentation purposes

some gels were stained in Vistra Green (diluted 1:10,000) (Molecular Dynamics, Sunnyvale,
CA; hereinafter “Molecular Dynamics™) for 20 min., followed by a 20 min. wash in 1X TAE
buffer, and then scanned using a FLUORIMAGER SI (Molecular Dynamics).

Individual bands were excised from the DGGE gels using alcohol-sterilized scalpels.
Extraction of DNA from the gel followed the methods of Ferris et al. (M. J. Ferris et al. 1996.
Denaturing gradient gel electrophoresis profiles of 16S tRNA-defined population inhabiting a
hot spring microbial mat community. Appl.Environ. Microbiol. 62: 340-346.). The excised
band was placed in a sterile 2 ml screw cap tube with 500 pl sterile deionized water. The
tubes were half-filled with glass beads (cat. no.11079-101, Biospec Products Inc.,
Bartlesville, OK; hereinafter “Biospec™) and placed in a mechanical bead beater (MINI-
BEADBEATER-8, Biospec) for 3 min. at the highest setting. The processed DNA remained
in the tubes at 4°C overnight. After overnight storage, the tubes were centrifuged at 3,200 X
g for 8 minutes at 4°C to concentrate the gel fragments. The supematant was transferred to a

clean eppendorf tube.
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al so to the exclusion of the al pha subdivision proteobacteria
nitrite-oxidizers represented by N trobacter w nogradskyi. The percentage
formam de is 20 with this probe and the dye enployed is Cy-3. Probe natches
were initially screened usi ng BLAST (S.F. Altschul et al. 1990. Basic | ocal
al i gnnment tooI : Bi ol . 215:403-410) and CHECK PROBE (B.L. Maidak et

22’ 3485, 3407 °*i5 %’é‘gﬁ&‘gﬁ'gm@% il b i 53 T O D LA

The nheDEGE pimesgmdreamalyfed be DGGEH.cAn exteactibwwas considdredacteptiblel i€itd: The
nucl egt i de sequences andﬁgom tions of oligonucl eot]de probes and PCR priner

set s Yigdedsa singlechagd gy DGGE apalysis which e9-grarated with the, ariginabDaieband int Tar get

- oif ?ve}M@%@%ﬁ%%%%n@%@%&&ﬂ%1%&%&%%%e@‘“ SEG 1 D

thépielidubly’ desdribidddhetheils usidg fludestdhil flabeldd privtets.C 55 -- SEQ I D NG 3
SEQI SEQ ID 15 NO'4 & SEQ 1D NO'5 SNTSP2 CAC COG GAA | TC CGC ACT OCT
C55 - SEQIDNO6 SEQ ID SEQ IDNO 16 NO 7 & SEQ ID NO 3 MBP CTC GOC

AGC CAC CTT TCC GAA 20 -- SEQIMEQ SEQ ID NO Is ID NO 2 SNTSPTf
Forward TCC GOO GCA ACC YGG TA IDNO 3, SEQID prinmer NO 4, SEQ

ID NO5, SEQID NO 19@[€E§Ragompfaﬁﬂgé|%ﬂ'TT CAG GIT C - SEQ I D NO 6,
SEQID primer NO7 & SE ID NGO 20 NitroM Forward primer TTC

GGA AAO @@lmmﬂi%@bes labeledmath ﬂlmescent dysE@eresiegigned K@t specificallyo 2

Nt r%l\}/'rbnﬁﬁ\éevzl e 1%§rrg‘§£ g-I;.an s%@ené‘gxl;so-ll- tedC?on ccl:’osely reElgtedl%ac eria E'om
reactors in this study. One probe, SNOBTP (GTT GCC CCG GAT TCT CGT TC) (SEQ ID
NO:14), targets all Nitrospira-like bacteria found in this study, which are represented by the
sequences of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 and
SEQ ID NO:8 to the exclusion of other nitrite-oxidizers represented by the sequences of SEQ
ID NO:1 and SEQ ID NO:2 (the Nitrococcus-like bacteria), and also to the exclusion of the
alpha subdivision proteobacteria nitrite-oxidizers represented by Nitrobacter winogradskyi.
This probe has been used successfully with either Cy-3 or fluorescein-ON (Qiagen Inc.,
USA) dyes with a formamide percentage of 20%.

A second probe, NSP685 (CAC CGG GAA TTC CGC GCT CCT C) (SEQ ID
NO:15), can be used to target a specific clade of Nitrospira-like bacteria (designated Clade 1)
which is represented by the sequences of SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5.
Probe NSP685 (SEQ ID NO:15) is labeled with the fluorescent dye Cy-3 and during the
hybridization procedure two additional probes are added to the reaction. These two
additional probes are SNTSP2 (CAC CGG GAA TTC CGC ACT CCT C) (SEQ ID NO:16)
which is labeled with fluorescein-ON (Qiagen Inc., USA) and EUBAC338 (GCT GCC TCC
CGT AGG AGT) (SEQ ID NO:17) which is also labeled with fluorescein-ON. The
percentage formamide is 55%. In this manner the Clade 1 Nitrospira-like nitrite oxidizing

bacteria are the only organisms visible in the field of view of the microscope.

A third probe combination can be used to target another specific clade of Nitrospira-
like bacteria (designated Clade 2) which is represented by the sequences of SEQ ID NO:6,
SEQ ID NO:7 and SEQ ID NO:8. This involves using probe SNTSP2 (SEQ ID NO:16)
which is labeled with fluorescein-ON in combination with two other probes: NSP685 (SEQ
ID NO:15), labeled with Cy-3, and EUBAC338 (SEQ ID NO:17), which is also labeled with
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The stringency for the probes (SEQ ID NO 14, SEQ ID NGO 15, SEQ ID NO 16 and
SEQ ID NG 18) was determ ned though a series of FISH experinents at
differing formam de 35 concentrations using the reactor bionmass as a
positive control for the bacterial sequences herein (SEQID NGO 1, SEQID
NO 2, SEQID NGO 3, SEQID NO 4, SEQID NO5, SEQID NO6, SEQID NO 7, or

SEQ IR, MO | | err%rw;' | Ze0h-ce was
carr i@(’jyoou?il? Rblgelﬁh %ﬁoﬂﬁ% dléé%@sjo | 'u %nfngﬁ%ésrlﬁs&tgﬁjr}ad o] Oiréblpl@l%ﬂla]% ant(? nv

Tri s/oAidizihg Hiactzriaﬂarﬁ tHe. dily orpanisins visibledy thesfield lndtview GDBE midoseupeot

ol i gonucl eotide probe, and varying amounts of formam de. Slides were

i ncubat ed A fomth Fidbé, MOBP §OTOUGCE AGC A TTRICHEGAL E%IECN@?I@)m n. The
hybri di zation sol ution was rinsed off wWith a pre-warne

sol uttaxgats Nitrecedcusitike migrite-oxtdiginigrorgdmsmes) which Iam mmsenied by iSEQ IlblNQﬂ m n. at
48C. T ev he sarre stringe duri.n ste in

nybr (B SHOAR N0 Hioerssten O ol Ao ik i smnfl A

0.01 cordlng
o thaiﬁf@ﬁgg%%%%ﬁh 52 usﬁﬁﬁ‘?ln“%ﬁé Sk Waaﬂ&%?md'ﬁ?ge Kl

conc eNitrodticten wirogradskyin\VIhé percéfitdge tformamitie Gis 2@ Mﬂldthisnprobe%ndt the dyaCl
concentratlon was 46 MM Cells were detected using an AXI OSKOP 2

epi | TERlE¥RdIA&Y-Fi croscope (Carl Zeiss, Jena, Germany) fitted with filter

sets for FITCFLU®B and HQ CY3. The optinumstri n%enc was determned to be
20% f or nuuPiiolie matches were pereentdbuimEBLAS N . F1 Altschmbet alh 990888 and

SNTSP2 t.ri abel d ti,vely) the
opt | gt cienfhgtt 691 Lo Biehcmioh AT RuA03 A1)t R RRORE Byt GARRE AL Vit | mum
stri ”WCYTH@%GM '&hﬁB&e gﬁo}é%t 2QbelERer ABIdE feesl 22:3485:34¥BP Mobdewere
represented by SEQ EXAMPLE 7 PCR Primer Devel opment A set of PCR
pri mesynthesiza bDOlKetongl‘@hthSE@lamm ga). Vit eunledtislosequancenof hequpbescal |y
detects |tros,g aa%l i ke bacteria of the sequences of the present invention
(Tabl &®S @3 Plehd set of PCR prinmers (SEQ ID NO 21 and SEQ I D NO 22) was
devel oped whi ch ecifically detects N trococcus-like bacteria of the
sequences oflabkd: ﬂﬁ8§8ﬁ|@°ﬁl¢ﬁlﬁ9ﬂﬂ9@ﬁes(%l’%‘m?}s OME@BF“?@QPI@CN@QQ and SEQ
| D NG 20) specifi cal tFIE?t"r > i ncluding the 16S

r DNA sequence set f ﬂ%iluﬁﬁﬁ‘%é% lﬁg&?&%ﬁﬁéﬁ SEQ I D NGO 5, SEQID
NO 6, S NE: = e o

nitrite- OX|drP hg bacter5to 18 10) Téseeﬂgﬂ

| D NO 22) specifically detects™ the Nitro GigeCUS i<

ot (SEQ IBNC 21 and SEQ
bacterla Fnclud|ng t he

16S r ENOEFEUUETICE SHIT 4G GOG AT TOREGT 7C N 120 - SEQ ID NO=3, SEQ ID

SEQID NO: 14 NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID
NO:7 & SEQ ID NO:8

NSP685 CACCGG GAATTC CGCGCTCCTC 55 - SEQIDNO:3 SEQID

SEQID NO: 15 NO:4 & SEQ ID NO:5

SNTSP2 CAC CGG GAATTC CGCACTCCTC 55 - SEQ ID NO:6 SEQ ID

SEQID NO: 16 "NO:7 & SEQ ID NO:8

MOBP CTC GCC AGC CAC CTTTCCGAA 20 - SEQID NO:1 & SEQ

SEQID NO: 18 ID NO:2

SNTSPTf Forward TCC GGG GCA ACC YGGTA - 49 SEQIDNO:3, SEQID

primer NO:4, SEQ ID NO:s,

SEQIDNO: 19

SNTSPTr Reverse TCM CCC TTT CAG GTTC - SEQ ID NO:6, SEQ ID

primer NO:7 & SEQ ID NQ:8

SEQID NO: 20

NitroMf Forward primer TTC GGA AAG GTG GCT GGC GAG - 60 SEQIDNO:1 & SEQ

SEQ ID NO: 21 ID NO:2

NitroMr Reverse primer ATC TCT GYA AGG TTC CGG AG -

SEQIDNO: 22

The stringency for the probes (SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16 and
SEQ ID NO:18) was determined though a series of FISH experiments at differing formamide
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and SEQ ID NO 2 to the exclusion of other nitrite-oxidizing bacteria (Table
10). PCR 36 conditions were as previously described in Exanple 5, except
the annealing tenperature was nodified as described in Table 10. 37 Table
10: Results of the PCR priner devel opnent specificity testing and annealing
tenperature experinments. C one No. Nitrococcus | i ke NOB Ni brospira-|ike NOB

SEQ | oRERirant (5Rng rrioiny 3 phsifftaroh el hines =0 o4 a3
45 47 feia ISEGEDTNONCSEYAIN NO'2, IEQ ID NG, UG IDVE: 4-}SEQF]]}N® 5,SBQ HDB Tank

Tl I;Tr i Ql%%%n %Eb irDJrNQ 8)-/ In sity h)_{bridliat?gg;qciffé%ﬁ gugmbgued icells +{ i
i P o s ) IO <

+ + + 7.8 0019F£adiubidodecy] sulphate (SBS}; 25 g of ohgonuelebﬁd@pﬁ)be,r@ki,varymg no
signal, "+/-" weak signal The specificity of each pr| mer set was timzed

by corﬁn@mtﬁgf farpapidey SEdeswere ingphatedbincan equilierated dumidity,ehanthsr atediS€r at ur e

i gt oesPes bt ofhbRBARRE shlon van s ot ith 3P ahmnet (g
t enper gliHdds ThEXBUERWEré theériRicabed I8 bwashRbRItieA TOHTS Rih. at 48, orp di f fer ent
tenperatures with 2C increasi ng interval . Each PCR priner set was tested

ag a| n sachndvc ttlee sapreostitingency during mnmﬁep,eaﬁue tlechybiridizagion BtepiGhe waslSEQ | D
N0 2 SRR TR B i TR ABRDS: s AR A vk "0
anneal {gigedtBHoR of NACE varkel Adcording tthe\Ward et Fothathid@usedn the solution. For

20% formamide the NaCl concentration was 215 mM, for 30% it was 120 mM, and for 40%

the NaCl concentration was 46 mM. Cells were detected using an AXIOSKOP 2

epifluorescence microscope (Carl Zeiss, Jena, Germany) fitted with filter sets for

FITC/FLUO3 and HQ CY3. The optimum stringency was determined to be 20% formamide

for the SNOBTP probe (SEQ ID NO:14). For the NSP685 and SNTSP2 tri-labeled probes

(SEQ ID NO:15, SEQ ID NO:16, respectively) the optimum stringency was determined to be

55% formamide for each. The optimum stringency was determined to be 20% formamide for
the MOBP probe represented by SEQ ID NO:18.

EXAMPLE 7
PCR Primer Development

A set of PCR primers (SEQ ID NO:19 and SEQ ID NO:20) was developed which
specifically detects Nitrospira-like bacteria of the sequences of the present invention (Table
9). A second set of PCR primers (SEQ ID NO:21 and SEQ ID NO:22) was developed which
specifically detects Nitrococcus-like bacteria of the sequences of the present invention (Table
9). One set (SEQ ID NO:19 and SEQ ID NO:20) specifically detects Nitrospira-like bacteria
including the 16S rDNA sequence set forth in SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8 to the exclusion of other nitrite-oxidizing
bacteria (Table 10). The second set (SEQ ID NO:21 and SEQ ID NO:22) specifically detects
the Nitrococcus-like bacteria including the 16S rDNA sequence set forth in SEQ ID NO:1
and SEQ ID NO:2 to the exclusion of other nitrite-oxidizing bacteria (Table 10). PCR
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EXAMPLE 8 Simlarity Analysis Three clone libraries were constructed from
saltwater nitrifying biomasses in order to determne the identity of the
nitrite oxidizer(s) responsible for oxidation of nitrite to nitrate.
Details about the biomasses are presented in Table 11. Table 11: Details
regarding the reactors and aquaria from which biomass was extracted and

cl one r VL

Bi omsééﬁlﬂ#ﬁﬁzer% eq’?mv\gs&égee ddg W ?ﬁné]glﬁ féé( gﬁ §er| al ’Efgﬁ]ﬂ% he sunp
of  bi afodiffedles deduribed iwaTalde 3@l t wat er bi onmass whose salinity was maintained
at between 30 and 35 ppt. This reactor was fed at 5 ng/L ammoni a-nitrogen.
SB7 This reactor was seeded with material fromthe sunps of biofarm5 and
15 which were saltwater biomsses whose salinity was maintained at between
30 and 35 ppt. This reactor was fed at 5 ng/L amoni a-nitrogen. B7 This
reactor was seeded with material fromthe sunps of biofarm5 and 15 which
- were saltwater biomasses whose salinity was naintained at between 30 and 35
ppt. This reactor was fed at 5 ng/L anmoni a-nitrogen. The clone library
data show that there are two groups of nitrite-oxidizing bacteria that
exist in the test ammonia fed reactors. The two types of nitrite-oxidizing
bacteria are the N trospira-like organisns and the Nitrococcus-I|ike

m croorgani sns (Table 12). However, only the Nitrospira-like NOB are found
inall three clones libraries. The percentage of clones identified as
Nitrospira-like NOB ranged from3.11 to 33.33 of the total clones screened.
Ni trococcus-1ike NOB were found in two of three clones libraries at a
percentage of 2.56 and 8.70 of the total clones screened (Table 12). 39
Tabl e 12: Nunber of clones which fell into different phyl ogenetic groups
within the three clone |ibraries developed for nitrite-oxidizing bacteria.
Clone Library P4 B7 SB7 No. Cones Screened 84 156 161 No. C ones
partially or 37 103 95
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fully sequenced N trosonobnas sp 26 (30.95) 14 (8.97) 28 (17.39)
Nitrospira-like NOB 28 (33.33) 17 (10.90) 5(3.11) N trococcus-like NOB 0 4
(2.56) 14 (8.70) Al pha proteobacteria + + + Beta proteobacteria + + +
Gamma prot eobacteria + + + OPl | group -- + -- Planctomyces -- + +

Acti nobacterium-- + -- Acidobacterium-- + - "+4" present; ...... not

. 1 . . P O arit
ki ng wLEbE 3% Resultsifthe PCR Ghiniir'dehOR Bpidnt Sflcificlbtosting S Fupdie™ | 10
IDNO1, SEQID NO 2, SEQ ID kénferafifi® expetifdeats.SEQ | D NO'5, SEQ | D NO 6,

SEQ ID NO 7 and SEQ ID NO 8) using RDP (Maidak, B.L., J. R Cole, C T.
Parker, Jr, G M Garrity, N Larsen, B. Li, T. G Lilburn, M J.

McCaug J. Asen, Ry; c Pramani k, T 3
Ti edj er@l\é‘?;go. R Wese. ANIZI s 0 P t he _ g'los :
Proj ectyt N& ¢ Acids Res? g7 1 ( @

Simla-n-t-y—fa-nkl-a.%—f-e ] O el s
aquar i o*oneglimg empOl) ¢ 5§ r DAR of 60587632
B7c10W o —A0 NP ) ASRNN A T
Nitro- 9 Ok - [cotcus Spira spira- spira source coccus coccus

Nitro- omEdrRogRusi@ SHire spife spira robikis maripa |ilke MOBLCOW 4Li ke ¢1ike
spira -like -like -lilke -like -like (82559.1) (AF03 iensis -1like 5813)
SB7c¢32 SB7raoBaatkus- i ke SE© IDNO | SB7c1+/-Nitro- 0.992- -- ébccusk~li ke

SEQ D NO 2 SB7c136 0.[795 0.792 --
SB4 AOB Tank + +

+ + +/- - - - - -
SB7¢32 seqDNO:1 + + + + +/- - - - - -
SB7¢11seqQN02 + + + + +/- - - - - -
SB7¢136 seQ D NO:3 - - - - -
SB7c47 seQIDNO:4 - - - - -
R21c76 seq D NO:5 - - - - -
R21¢28 seqmmNO:6 - - - - -

B7¢10 seQDNO:7 - - - - -

+ + + + + 4+
+ + + + + 4+
+ + + + o+ o+
+ + + + o+ o+
+ + + + + o+

B7¢7 seqmNos - - - - -

“+” strong signal, “-“ no signal, “+/-“ weak signal

The specificity of each primer set was -optimized by conducting a PCR experiment

) with each primer set using the temperature gradient mode of the Stratagene ROBOCYCLER.
In this mode one can run a single experiment of all the reactions at up to 12 different
annealing temperatures. Typically, the experiments were conducted at 4 to 6 different
temperatures with 2°C increasing interval. Each PCR primer set was tested against clone
product with a nucleotide sequence of SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID

3 NO:4, SEQ ID NO: 5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8. Table 9 presents the

PCR primer sets, and the optimal annealing temperature results are shown in Table 10.
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Nitrospira-l ike SEQ ID NO 3 SB7c47 0.796 0.794 .997 - Nitrospira-like SEQ
ID NO4 R21c76 0.801 .798 .985 .984 - Nitrospira-like SEQDNO5 R21c28
0.796 .793 .922 .920 .923 -- Nitrospira-like SEQ ID NO:6 B7cl0 0.792 . 787
.940 .939 .940 .959 - Nitrospira-like SEQID NO 7 B70 0.769 .765 .917 .915
.916 .931 .963 - Nitrospira-like SEQ IDNO 8 Nitrococcus O. 989 0. 989 795

. 795 .802 .797 .766 .789 -- nobi g%%gl ra 0.797 .796 .992 .992 .987
.922 .916 .940 .799 marina (82559 [ Trospira- like 0.791 .790 .897 .897
.898 .882 .867 .893 .794 .898 S(mﬂilfiﬁ&ﬁalybistrospi ra 0.793 .793 894 . 894

r23§a| o0 o g e s e et Fos M e s bR b T 4 3,
anal ys| e/ ed@‘“H§5°‘?‘h%?"e’fﬁ§?§’“@ﬁ%ﬂ§f§3%s iefpoddtion] &eﬂlﬁ‘tg*mfbﬁff*a the

pr esenDetailsedbouinthe bioppasss ard prdsdmyed Sh@dblz NO 3, SEQ ID NO 4, SEQ I D NGO 5, SEQ
"ID NOG6, SEQID NO7 and SEQ ID NG 8). dade | includes NCB represent ed SEQ
ID NO 3, SEQID NO 4 and SEQ ID NO5. Wthin dade 1, the NOB represented
by SEQ'I]able 11: Details regarding the reactors and aquaria from which ‘biomass was extracted

and clone libraries were constructed.

Clone library D etails of Nitrifying Biomass

P4 This reactor was seeded with 20 liter of material from the sump of
biofarm 15 which was a saltwater biomass whose salinity was
maintained at between 30 and 35 ppt. This reactor was fed at 5 mg/L
ammonia-nitrogen,

SB7 This reactor was seeded with material from the sumps of biofarm 5
and 15 which were saltwater biomasses whose salinity was
maintained at between 30 and 35 ppt. This reactor was fed at 5 mg/L
ammonia-nitrogen.

B7 This reactor was seeded with material from the sumps of biofarm 5
and 15 which were saltwater biomasses whose salinity was
maintained at between 30 and 35 ppt. This reactor was fed at 5 mg/L
ammonia-nitrogen.

) The clone library data show that there are two groups of nitrite-oxidizing bacteria that
exist in the test ammonia fed reactors. The two types of nitrite-oxidizing bacteria are the
Nitrospira-like organisms and the Nitrococcus-like microorganisms (Table 12). However,
only the Nitrospira-like NOB are found in all three clones libraries. The percentage of clones
identified as Nitrospira-like NOB ranged from 3.11 to 33.33 of the total clones screened.

i Nitrococcus-like NOB were found in two of three clones libraries at a percentage of 2.56 and
8.70 of the total clones screened (Table 12).
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NGO 3 and SEQ ID NO 4 are 99.2%simlar to Nitrospira marina and the NOB
represented by SEQ ID NO5 are 98. 7% simlar to Nitrospira marina. C ade 2
i ncl udes NOB represented by SEQ ID NO 6, SEQ ID NO 7 and SEQ I D NO 8.
Wthin Cade 2, the NOB represented by SEQID NO 6 are 92.2%simlar to
Nitrospira marina, the NOB represented by SEQID NO 7 are 91.6%simlar to

Ni trospira nprina,aqd the represepted. by. e 94 0% simlar
to Nitrospir “Wﬁ??%@“@ﬁ&PE@?HE%%“}r@?%%x‘éﬁ’?ﬂé&ﬂgﬁgﬂ?%sg' B?P%H o, uction
of tree using nfeYhRRcldnd librafies &%l@ﬁ@fﬁﬁiﬁ%&xﬁﬁﬁn%ﬁﬁé&ﬁh?p anal ysis
supports the results of the simlarity analysis (Fig. 1). The phyl ogenetic

resul mwgﬁu tyof SEQ‘PD-ﬁz—IﬂTm—SEQ-r-BIEg ) ™Nng
simlar to &Ei[r‘ ffRer with the él osest known rerative being Nt soccus
a

nobi | i-s Howeve heresul-t-s—al so-denprstrate—that—ef—SEQ D NO and_SEQ
| D NO NoaftongsBcregpadr ococcus nt®8bilis. The phylB§enetic results Wlso support
the conclusion that there are two separate cl ades of saltwater

Ni t r ospNoaClonkspdilllydr ch are distinct fromknold3 N trospira bacf®ria (Fig.
1). Cade 1, represented by SEQID NO 3, SEQID NO4 and SEQID NOS5 are
clearly dif%kl){?ﬁﬂ%‘enqeaom the A ade 2, represented by SEQ ID NO 6, SEQ ID NO 7
and SEQ ID NO. 8. The Qade 1 saltwater Nitrospira-like NOB have Nitrospira

Crace YRaRrRBER (Pl 1 29 8 os (50 1 1T RTR “sE0 1o N R T se0 1 b
NQO 8 . .| [ f b s 8. imlari [
hove DR BENORTS) 2 RERPERpi ra mar O b ot most 56318 S

simlar_(in the case of SEQ ID NO 8). The phyl ogenetic anal ysis, shows these
3 sequédliraeoceys-likeNOBear 1y distYnct fromall ﬂ'r{gvéggNi trospira BB&®ia (Fig
1). BLAST analysis shows that N trospira marina is the closest bacteria in
t he datAdplaproteobadterize sequencest but the sequence of Ntrospiratmarina is
clearly different than the sequences represented by SEQID NO 6, SEQID
NO 7 aBdtahQtdobadidis3, as evi dented by the simlarity and phyl ogeretic

anal yses. The simlarity rankings given in Table 13 are a guide to

det er MHnkifla pRfeobRéteigness of the bacterial strains. There are no hard and
fast rules for defining a new bacterial species. However, as exanples, the
anmoni mﬁi%{)}&é}ng bacteria N trosolobus nultiforgms and Nitrosovibrio
tenui s, whi ave a simlarity ranking of 0.989, are recognized by all

m crobiﬁl chi cal authorities as distinct species,,as are N trosol g_bus
nul ti f SrFHEO™YEE® Nitrosospira briensis (sinil ari'it'y ranki ng of 0.980). The
bacterial strains represented by SEQ ID NO 3 and SEQ I D NGO 4 have a

si ni | ardctiyobactariuiy of 0.992 wheh conpared to NitFfospira 42 -

Acidobacterium -- + -

. €6 &€

“+” present; not present. Percent of total clones screened given in parentheses.

A similarity ranking was conducted for the eight clonal sequences described herein
(SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7 and SEQ ID NO:8) using RDP (Maidak, B.L., J. R. Cole, C. T. Parker, Jr, G.
M. Garrity, N. Larsen, B. Li, T. G. Lilbum, M. J. McCaughey, G. J. Olsen, R. Overbeek, S.
Pramanik, T. M. Schmidt, J. M. Tiedje and C. R. Woese. A new version of the RDP
(Ribosomal Database Project). Nucleic Acids Res. 27:171-173 (1999)) (Table 13).

Table 13: Similarity ranking for nitrite-oxidizing clones isolated from reactors and aquaria

% Similarity to tDNA of:
SB7¢32 SB7cll SB7- SB7c47 R21c76 R21c28 B7c10 B7c7? Nitro- Nitro- Nitro- Nitro-

40



marina. This simlarity ranking is slightly higher than the 0.989 di scussed
above, but SEQ ID NO3 and SEQ ID NO. 4 are still sufficiently distinct from
Nitrospira marina to constitute novel and uni que species. Therefore, the
totality of the clone data, the PCR results, the phylogenetic analysis, the
DGGE data and simlarity ranki ng dermnstrate that the bacterlal strains

repor t et heTeT Ty AT ST U8 Nlkb- OF Milrd-TTCRitrd T OWius) TONIFo- Tedckah toara0 X1 HiFré-' ' $ra

bact er i aNABiRVRbieusO bid@l WitoS spita Baphs | pirdNd s pespiriomrbl  Radw! i Clridnal
menbers of Nitrtiepi r-tkel i kgiraNOkewer-tkef oundikd n aké thkeee of (829%9.15 @F0IaAdnEY
enrichnents for which clolks |ibraries were devel oped_ (Tahl &12)581%3
NltrosﬁpFM'Woke NOB represent a significant port| on of the total clones

i denti 1‘1 E@Ndlangl ng fromjust over 3% (SB7) to greater than 33% (P4) of the
t ot al c The Nitrococcus-1ike NOB were found in only 2 of the 3 clone

| i brarisggii(Mmbl @9d2) -and at | ower nunber than the Nitrospira-like NOB. In
sanpl e cBdsdiiess t han 3% of the clones were identified as N trococcus-Iike
NOB V\hisﬁémlﬁ'ﬂ%anpl e SB7 the percentage was 14. No Nitrococcus-like NOB were
f ound iS npl e ('I(')alpzl e 12). EXAMPLE 10 Denaturing Gadient Gel

El ectr E S urvey of T ones and Reactors The novelty of various

bacteri Eﬁﬁd;jil ns reported herein is further denonstrated by the results of
the denaturing gradient gel electrophoresis (DGGE) testing. Figure 2 shows

t he DGBEAT esul t0596 0r0.784 0987 r epr esent ati ves for the Nitrococcus-1ike NOB

( SEQ | DiM@iralssand SEQ I D NO 2) and both Gade 1 (SEQ ID NO 3, SEQ ID NG 4
and SEERBY¥ 5) and Gade 2 (SEQID NO 6, SEQ ID NO 7 and SEQ I D NO 8) of
the N tghpsira-lgske Nedg alogng wdat h enrichnments of anmoni a- and

ni tritevimpirglikgi Ng bacteria. The results show that there is a slight

di ffereBQBN®S t he mgration distance in the gel between SEQ ID NO 1 and SEQ
ID NO2 Nltrococcus-l i ke_NOB). The_ band |ocations for the three d ade 2
N|trosq§2i°8 0729 538 (%0 1N 82 SEQID NO 7 and SEQ ID NO. 8) are al so
differ gm 3ch is expected since there are slight sequence differences in
the 16S rRNA gene (Tables 6-8). Furthernore, when conparing the band

| ocat i d1si00f t he®dur.7@nr i%hnmedds oMdlFi g@se 2, -(Lanes E, F, Gand H) it is
diffi ClN"t’”W”O'mﬁl stingui sh whether the bands in the gel for these enrichnents
line up™RM¥P7 SEQ ID NO'1 (Nitrococcus-1ike NOB) or SEQ ID NO ?

(Nitrospiya-1i ke p¥B) 76543 olher gfsor eg1@2 s@gpnd gy pe .of DGGE anal ysis was
set - up. Niriredilei S DGGE anal ysi s, the

SEQIDNO:8

Nitrococcus 0989 0989 .795 .795 .802 797 766  .789 -~

mobilis

Nitrospira 0.797 796 992 992 987 922 916 940 .799

marina

(82559.1) )

Nitrospira-like  0.791 79 897 .897 .898 .882 867 .893 .794 .898 -
(AF035813)

Nitrospira 0.793 793 .89%4 .894 .894 .885 .895 870 .797 .897 .963 -

moscoviensis

The similarity analysis revealed one group of clones (represented by SEQ ID NO:1
and SEQ ID NO:2) to be 98.9% similar to Nitrococcus mobilis (Table 13).

The similarity analysis revealed that there are two clades of Nitrospira-like NOB of
the present invention (represented by SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 and SEQ ID NO:8).  Clade 1 includes NOB represented SEQ ID
NO:3, SEQ ID NO:4 and SEQ ID NO:5. Within Clade 1, the NOB represented by SEQ ID
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gradi ent was changed fromthe standard of 25 to 55%to a gradient of 30 to
60% for a run tinme of 360 mnutes at 200 volts. Figure 3 shows the band
mgration pattern for a set of mxed clone standards conprised of SEQ ID
NO 1, SEQID NO 2 (both Nitrococcus-like NOB) and SEQ ID NO 7
(Nitrospira-like NOB) along with these sane clones nm individually and an

NOB <. t . :

epar ot O REO i IDINOH sl 848 Ui RN ke W B thE NOH sftiblenled,
bands by SE@ID NO:5re9817% sifilar #) Nineseire xairtrd, Cladeo aritedbs 290B répresentedy
descri bed and sequenced. The upper band aligns to clone SB7¢32 (SEQ ID
NG 1) BN DN, SRIDNOJrrmd,$HQ I NAES. Wighin Clasiac?, tbe NOB yepreserivgr

anot hep e T8 NG B’ Mo 1o T ARG SuBh et ol Apshemel MSRETT o
2 but NOF B 9RBH sihﬁ&elt@mﬁ&ﬁ%endrmatmtﬁbm%ﬂeéenw SEQD Noe®are
above). The results clearly show that we are able to distlnguish between the

Ni t r os(94r0% binkitar tondBraspdratthaerind.t r ococcus-1i ke NOB (Lanes G- K) in
environment al sanples. EXAMPLE 11 Bacterial Additive Tests A series of
exper i nent s Piglogeaeticueilysis 6fxhe edquentieschyt donstriidtionsitreef usitgd heiphbdpgeining al
m xtures containing the bacterial strains of the present .invention, as

conpar dlistanse apalysis gne beptstrap, apalysis supp@rtsithe ragiltsiaf the similarity snalysis (Fig)l).

Fi'sh aquie ot BRais BEF odet R By Bhiticy SRS BRNGE] A S PR
bact er ibaings binsllan toO0éadhh 6ther &dithnthel Elussst Il@OwnELdldd VIR SNitRIcodcud mbbilis. | S
denonstrated by showi ng that the nitrite-oxidizin bacterial strains of the

pr esentHowensnt the rreglisiplse demonstrate that fuSEQaIRAAND:1f and BEQ IPHIO:2yaeennot

conbi n??i. W tcré otlhgnl. bacterial strains (e.g., ammoni a-oxidi zi ng bacteria),
the badl'BPFACBCR Wy ate the establishment of nitrification in aquari a.

Est abl i shne of pnitrification can be _ neasured [n at |east three different
ways. The f %phw@we%mﬂlﬁésq FEPor Hyesongiision %a&tgkr@saré bye sspatate &'ﬂﬁ% up a
new a r T : R | : i1 m
nater 1 $ald il O PRTERONOE Al d atfint IR Kb B Dspif bAKGrBERL 1)
aquar i Wiade 1, teprebemttd by SEYE NxdSEQADINE4 fand SEQRID NG5 ave clearlp distiaét on t o

|20 O e SRt 2 s By S0 BN0ch LSS AT i e
Feached T et N N Bl g e e B o
concentrati Als gl’fl e%%%f‘é, el isnrilcg allletsﬁor{ ?ﬁlﬁqﬁg Clade 2 saltwater Nitrospira-like NOB

(SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8) are at least one new species of bacteria.

1 The similarity analysis shows their closest relative (Nitrospira marina) to be at most 94.0%

similar (in the case of SEQ ID NO:8). The phylogenetic analysis shows these 3 sequences to

be clearly distinct from all known Nitrospira bacteria (Fig 1). BLAST analysis shows that

Nitrospira marina is the closest bacteria in the database to these sequences, but the sequence

of Nitrospira marina is clearly different than the sequences represented by SEQ ID NO:6,

SEQ ID NO:7 and SEQ ID NO:8, as evidenced by the similarity and phylogenetic analyses.

The similarity rankings given in Table 13 are a guide to determining the uniqueness of
the bacterial strains. There are no hard and fast rules for defining a new bacterial species.
However, as examples, the ammonia-oxidizing bacteria Nitrosolobus multiformis and
Nitrosovibrio tenuis, which have a similarity ranking of 0.989, are recognized by all
microbiological authorities as distinct species, as are Nitrosolobus multiformis and
Nitrosospira briensis (similarity ranking of 0.980). The bacterial strains represented by SEQ
ID NO:3 and SEQ ID NO:4 have a similarity ranking of 0.992 when compared to Nitrospira
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in aquaria in which nitrifying bacteria were added is significantly |ess
than the maxi num concentration reached in control aquaria, then a degree of
ef fectiveness is denonstrated. EXAMPLE 12 Bacterial Additive Test The goal
of this test was to evaluate the ability of various m xtures of NOB strains
of the present invention to oxidize nitrite to nitrate, as they may be

| ol enppl 6, !mésihﬁﬁ%éﬁﬁiﬁfn% shghtly Ribher BRnRE lORIORNGMSRl JHd0e ButlsHipS Of

the present invention S C o conmmerclally aval e bacterl

mi xt ur # NO:Atand| SEQNID INQ:4care stilli suffibiently distinsefrom Nitrokmira miaring hovedrstitute

sal twater aquarja. For this test, fifteen 10-gallon aquaria and fifteen
Pengui HOY[#@-BRPNHPFﬁch&?‘Fd Aquar i um Products) hang-on-the-back style power
filters were sterilized, thoroughly rinsed and allowed to air dry. On the

fol | owi ng ddnerefarn, thertrtalitys of thel donalatn, the PGR reswlts; the phylogenetisl ansdys®; ushed
Coral #5 | pped.wi.th a sterilized power filter.(PE 0170B d r.insed
car bon DR Sita 48 it arty oSk CpnBRStARE 2k dhe bieial shia Fepdked Bt “The
seavat gre WaguPand BSHcP fbhOho¥n nitrRebogidiBhs Bectédd.t M x and post GAC water to
a salinity of 30 ppt. The filters were allowed to run overnight prior to

the addition of bacterial additives and fish. The next norning the tanks

were topped off with ultrapure \Afawensate for evaporation and
wat er sanpl es taken. Each tank wa th one bacterial treatnent,

however no bacterial g xhitEeof e t roup. There were four
treatnments for this test: e%ctortgﬁtg %ﬁpggﬁ%nwc%&b% h included all

strai ns of IGlonalspembersi deNikdspirh-liknaNOBeserd foundeint akbrthree pofethe ndaltovatey SEQ
ID NG 3, SEQ IDNJQ4 SEQ|D NO5, SEQ ID NO G, Q.LD NG 7 or SE NO 8,
CYCLE (@Arichmentt for which CEm fbraes m&d@wlapemﬁak i’ZE} dhefGerospira-lks NRB er or
sal twa : Sy 4 el al oy L /el

ot ur degtgsent 8 apiGant porh ot RV BonEPHEREALE il B ifondi 2

repl i cab greateAthanri3ds (B of thertgtal blenéeact or 21 and Reactor 29 treatnents were
dosed with 100 ml of either mxture one time on the first day of the test.

Aquari a recernsl Mardchbseus-TikeENOB vedieEssnd/iVonly' 28f BRN lofe nmrﬂfb%e(trawetlg? 10 nil

of either treatnent on the first day of the test, an additional 10 on

day 7 endahlweraumbaerithan theiliidspirailikeNOB. Hh sampleyB7 legnithangfh of thetedanes or t he
dur at i f.th t,. F el t . dded
o eacivert enfied 38 NirpSiteul iR NG SRR stpls SHY it ottsnBlS Wesdfr NS qrpl e
ver e Coyi@esRils-ARE NUOB WeESfbufidin yaniphé P ia, nitrite and

conductivity. On Monday, Wednesday and Fri day the water was tested for
nitrate and

EXAMPLE 10

Denaturing Gradient Gel Electrophoresis Survey of Clones and Reactors

The novelty of various bacterial strains reported herein is further demonstrated by the
results of the denaturing gradient gel electrophoresis (DGGE) testing. Figure 2 shows the
DGGE results for clone representatives for the Nitrococcus-like NOB (SEQ ID NO:1 and
SEQ ID NO:2) and both clade 1 (SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5) and clade
2 (SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8) of the Nitrospira-like NOB along with
enrichments of ammonia- and nitrite-oxidizing bacteria. The results show that there is a
slight difference in the migration distance in the gel between SEQ ID NO:1 and SEQ ID
NO:2 (Nitrococcus-like NOB). The band locations for the three clade 2 Nitrospira-like
clones (SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8) are also different, which is expected
since there are slight sequence differences in the 16S rRNA gene (Tables 6-8). Furthermore,
when comparing the band locations of the four enrichments on Figure 2, (Lanes E, F, G and
H) it is difficult to distinguish whether the bands in the gel for these enrichments line up with
SEQ ID NO:1 (Nitrococcus-like NOB) or SEQ ID NO:7 (Nitrospira-like NOB).
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turbidity. Measurenents for pH were made with a Denver |Instrunents Mdel 225
pH lon neter equipped with a Denver Instrunents pH conbination electrode. A
Tecator FI ASTAR 5010 Anal yzer was used to neasure anmonia, nitrite and
nitrate (as nitrogen) using nethods described in the Tecator Application
Notes. Salinity was neasured directly in each tank daily wusing a YSI Mdel

30 hand- hel L it C WA . r : r b dit dat a
was dot er m HCEFE R SeosifOREEE PR sl sis SR ol OB bl e

i trit gragRAC®AES Cidniged Frokw thel igndafli6f 25 €613304 t6 aaradienbf 90 td60%IRRIaChuAd i N
Figure 5. Treatnent Reactors 21 and 29, which_ conprised strains of

r epr estimeenf 369 mimtss| ab 200 WltssHigwe Tehaws grobard Nogmtiogawtem Ko & setSEQ | D

NO: 7 and SEQ I D 1 8 oxi di. zed Nictry ch <Kkl h t he ot.her
treat rrE’ng.c Stﬁﬁll\#gf‘?st &R hsc?grﬂfr §Fﬁoﬁfﬂ§ﬁt’ @?&Wi@@t MeEePEAEd and
fel | bugp)t and SEHLIIFUQD: B qARPsspiddtike] NOBY 658 Wwitht Bfese MdaliRY cldrRat ARNt S
(Fig. 5). 'Reactor 21 reached 0 nmg/L on day 21, Reactor 29 reached O ng/L on .
day 29individwallytend an NOB lenrichunent fhanecd)al Theitksults/ shovd thit vt wérglcleaplycblato 0

ng/L until d 7,0or Jater (Fi.g. 5). e ul.ts denonstrate that (1) the
str ai n§°H9¥at‘?\l% g?“dﬁl‘?é tb?s&‘s{ . ?lg%eén‘g”iﬂ'\‘)mszﬁ@gfér i 1‘??’}’&?5’% F’oﬂéi n

new : ' : it d i

Fapor ¢ Seifent ALMRPL R R, FREebd) ol MoiORIT UEkHOAAL (cllimnect B
cont r olpperdandialigng to clone SB7c32 (SEQID-INO:d) anéd\he éawed bandaaligtsi with EloAsPLE 13

Bacterial Additive Tes he ggal ,of thig tesf was to evaluate the ability of
vari ouB7RHGSEQD &OMF?%H the yalidity.q Wmﬁti‘@ﬁﬁ P@Aﬁeﬁ%lt%xi dize nitrite
to nitrate, ﬂﬂ@sﬁ e mreg@@ i | | g [ hyBder i al
fromreact og%hi(e}( I C n‘go?ﬂ al ne o? &s?sogfoh?@a-*% %&3%% i t
Ni t r oceafples hs he Figire 2t ngti atsa gfeateh eesphutimntiue o ¢ind ichajgedagel Woaditidns [fseequar i a
and the  performance of this system Wgé}eco ared . to aquaria that did_not

e

r ecei vébevehadhe results cleardy show that wess stingish betwesn theyNigsespan-lik§uar i a
d ei [ ' ' . -on-t he-back
Sty o o BN oGl RGO (SO i fRvrichAiRHEN SAmBRRT O L PR i

dry. On the follow ng day each tank was filled with 10 I bs. of rinsed

Ti del i ne Crushed Coral #5 and equipped with a sterilized power filter (PF
0170B) and rinsed carbon cartri d%é‘x;ﬁw_ﬂank was filled with 35L of

artificial seawater. Artifici de by adding | NSTANT OCEAN
VBarEARt Al Telll

SeaSalts (Aquarium Systens, carbon filtered city water
A series of experiments were conducted to determine the efficacy of various bacterial

(o}

mixtures containing the bacterial strains of the present invention as compared to: (1) control
aquaria that did not receive a mixture, (2) aquaria that were inoculated with bacterial
mixtures for use in tropical fish aquaria, and (3) preserved or stored bacterial mixtures of the

bacterial strains of the present invention.

Effectiveness of a mixture is demonstrated by showing that the nitrite-oxidizing
bacterial strains of the present invention oxidize nitrite in aquaria and, further, that when
combined with other bacterial strains (e.g., ammonia-oxidizing bacteria), the bacteria
accelerate the establishment of nitrification in aquaria. Establishment of nitrification can be
measured in at least three different ways. The first is by counting the number days it takes
after setting-up a new aquarium for the ammonia and nitrite concentrations in the aquarium
water to reach a near 0 mg/L concentration. In a newly set-up saltwater aquarium, it typically
takes about 14 days for the ammonia concentration to reach 0 mg/L and about 30 to 35 days

for nitrite to reach 0 mg/L.

A second way to measure the beneficial action of adding nitrifying bacterial strains to

aquaria is to compare the maximum concentration of ammonia or nitrite reached before the
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until the salinity was 30 ppt. The aquaria were filled with the seawater and
the filters were allowed to run overnight prior to the addition of

bacterial additives and fish. The next norning the tanks were topped off
with ultrapure water to conpensate for evaporation and water sanples taken.
Then four tanks were dosed with 150 ml of SB7 reactor bacterial m xture.

The ot n i xture.. . 7
react coegsion o WEAGL ZHF U HIR et oo BEGH b amHohla fifhicild Factild

Ni t r osig Ngaaha e WHEEh nivfifyiipebaetetiaenérd addud! isignifiepnths Reé @thnbthe FERMBNNO. 1,
SEQ ID 2, SEQIDNO3, SEQ IDNO4, SEQID NQ5 SEQID NO6, SEQID
NO: 7 amcmtmrmgi ingjoptrell agupra. shen o degree of eifertiysnessds demonsttatedadded t o
- each tank on the first day of the test and fed twice a day. The fish feed
was a mxture of frozen brine shrinp and Spirulina fish flakes. On Day 3 of
the test, four additional clownfish (Amphiprion ocellaris) were added to

+ each aquarium Water sanples werEXagup® ¢g8 and tested daily for pH,

anmoni a, nitrite and conduchwmﬁay, Wednesday and Friday the
wat er was tested for nitrate BaeteriabAdditiveTesteasur ements for pH were nade
with a Denver Instrunents Mdel 225 pH lon neter equipped with a Denver

| nst r ument sTgead i this testowassfoevhluatdethe Ability of varidusAfibdbtes of NOB\sediggef wWas

used to nmeasure amonia, hitrite and nitrate (as nitrogen) using nethods
descr i thePresentr@vention be, gridize: nigHe fo miatesas ithay jpayhe H@a@nwe@ddpraec‘qeﬂ& in

each t ,d I” ég Qg [ and
terrper‘g?ﬂre stbis(% e%‘%%} [ @ leﬁk ly‘r:)gﬂféta was q?ﬁ?h\ ﬁﬁ)ﬁ;&’on %9%{ idity
net er ¢dm&kiayt avdilable Hdmnlalaa:ﬁxﬁnrésr ithst ¢l@ine ehéy ate euitalerfot fuee $B7e1théleat ment
and control are presented in Figure 6. The SB7 treatnment oxidized nitrite

si gni f freshi¥ater or salfveater agiariali d the control. The mean nitrite concentration
reached O ng/L on day 24 in tanks receiving the SB7 treatnent, while 38

days ! apsefiol il NeoC ! 1 QGURN AaBERR"Ga" b PP 0B AT OMR S

| evel of O er nor e an maxi nim n e concentration of the

SB7 tr agharaith Prediets) hangon-ti-back)styld poweg filfers aetd stetilived, theronghlp eins®hn
maximumnitrite concentration of fhe _control _treatnent éb7 2 mg/L-N) (Fig.
6). 4vanthalloweedfa air dlayro i tharfellowing dme each tankowas fillesh vith 10dbsy p@M

VNt pORuRL BrBRLEEhT9s ol oARGELY R [ Werlideh toevepmﬁpﬁanqmg gt -up

seawat an mal n toxic concen during

thi s tid¥borpCirtridbe. 4NN Widb ﬁlMcwmlaalL/aﬂdmﬁorﬂ sEewhteiFh&’hleedweﬁérWﬁIzS t est

was to assess the viability of freeze-dried saltwater njtrite-
combination of Tropic Marine salt mix and post GAC water to a salinity of 30 ppt. The

filters were allowed to run overnight prior to the addition of bacterial additives and fish.

The next morning the tanks were topped off with ultrapure water to compensate for
evaporation and water samples taken. Each tank was dosed with one bacterial treatment,

however no bacterial mixture was added to the control group.

There were four treatments for this test: Reactors 21 and 29, which both included all
strains of Nitrospira-like NOB of the present invention represented by SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8, CYCLE (a
commercially available bacterial mixture for use in freshwater or saltwater); and STRESS
ZYME (another commercially available bacterial mixture for use in freshwater or saltwater).
Each treatment had three replicates. Aquaria receiving the Reactor 21 and Reactor 29
treatments were dosed with 100 ml of either mixture one time on the first day of the test.
Aquaria receiving the CYCLE or STRESS ZYME treatments were dosed with 10 ml of either
treatment on the first day of the test, an additional 10 ml on day 7 of the test and an additional
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oxi di zing bacteria that had been stored for 5.5 nonths. The goal of this
test was also to test the effectiveness of various conpositions, as

descri bed herein, for maintaining agqueous nedia. Methods: Preparation of
Bacteria 600L of NOB from Reactor SB 1 and 600L of NOB from Reactor SB2 were
m xed together and settled in a Harvest Only Tank (HOT) overnight. Both

React 0lg f he
pr osen® ‘RO, T SayRoatE that (oPh. Bk GEn8 oo ol Bptdalalisely Reflinieey s
SEQ | Dspf) #ereFdded {0 ¢dCh SankSexixheBirdk a4y, of thé Jebtland el #wieed dagQ | D NO 8) and
both were maintained at a salinity of 30 ppt. The following day, as nuch

super nat ant yagepQapiel SwHRSOIRERP tnd " BHllyEHE daKfor IR SARbIFLNGRAE idl O

was carried out in smaller containers until as huch supernat ant as possi bl e
was r erordutiivitpe On vfenddyndWedndsday amdandayotHeewated weasdtestedcforl mitnate dmid

contalner .0 settle for re hours. much suyper nat an S

possi bIter rMﬁW%ﬂ%‘?&ﬁﬁD TGt made Wik ﬁrﬂi“fer me%ﬁ%{el 23 ph%fog

poi nt S ant in
varyi néﬁét?;%hﬁ’?@”ﬁﬁl £ i) Bkl ol HEP O inaion eBRouct ATEAYPRIRSPRROT,
of NOB 5000 AmabZer wisineldas enasmetMomplmtnnwtahé nittdte (asstitrogén) nsingGRghads
trehal ose was mxed with 1,000 nL of NOB for a 10% trehal gse sol utlon

(Tabl e deagribedapthe TogstonApplicatign: Notes.c Salinityswasaneasuzad firegtly jn pach fankedsi

Becoes TSt SPSRAE JEisheld SR cotdpivhsnliobbiplfe Bt by, oo

to be uRefwasdetdminddiwith 8 DRT-Q00 turbidityem &tér saen {al set-up of bacteria

for freeze-drying Bacteria type SB 1 and Salinity 30ppt 30 ppt
Cryoprotect &i@% fe T eitfors for Y% aﬁ‘@ hirsl ih
Freeze rat eaﬂﬁo%g%io ryéﬁ%g% for dﬂ)§/ Proﬁm% d aggresgﬁﬁ\é/e %egr

aggr es Figere 5SuBteatmdnt ReabBre 2Fandf 2% exlbch cgrmpgsedt Stmusaut)NQB vepresestellibly i n

Séﬂﬁ{ebﬁéﬁétméﬁﬂéﬁﬁgibémﬁééeﬁﬁﬁ i NOpeisly M7 R B,
rson g é g&@%ﬁc‘ﬁdm 6%&“1%8% ﬁsthp%fh%rﬁl% rlé?‘haefm gﬁtﬁer t fion

subsequenf ace rrer sanpl es were e mld or
aggriessh\tke Réiiﬁtor treatments peaked and fell back to 0 mg/L. much sooner than in the case of the

other treatments (Fig. 5). Reactor 21 reached 0 mg/L on day 21, Reactor 29 reached 0 mg/L
on day 29 while the control and commercial additives did not fall back to 0 mg/L until day 37
or later (Fig. 5).

These results demonstrate that (1) the strains of NOB of the present invention
accelerate nitrite oxidation in newly set-up saltwater aquaria and (2) the commercial additives
which reportedly contain the NOB Nitrobacter winogradskyi are not effective at controlling

nitrite during the start-up of new seawater aquaria.

EXAMPLE 13
Bacterial Additive Test

The goal of this test was to evaluate the ability of various mixtures of NOB strains of
the present invention to oxidize nitrite to nitrate, as they may be implemented in a “real
world” setting. Material from reactor SB7 (which contained both Nitrospira-like NOB and
Nitrococcus-like NOB strains of the present invention) was placed in aquaria and the
performance of this system was compared to aquaria that did not receive a bacterial

inoculation.
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The freeze-dried sanples were stored in |yophilized formfor 5.5 nonths at
4C. Test set-up: Twenty-eight five-gallon aquaria and filters were
disinfected with Sanaqua, rinsed, and allowed to air-dry. Aquaria were
filled wwth 19 liters of freshly prepared artificial seawater, made by

di ssol ving | NSTANT OCEAN Sea Salts in post-GACto a salinity of 29 ppt. A

Penguin 125 gapyige tési,'etiﬁgiwg%délbﬁf&ﬁﬁbﬂﬁﬁﬁﬁe@tf%ﬁ‘ 1708 Olarifidltd Aquitdind " | d9€.

and a new Bl OMHEEL was a on each aguarium- plugged 1 n, and owed to
run ov drediocts) hang-en-tie-bavk style powerTilters Were adteribzedathoaoighlywingedrand atiowed

2551 97505 3" bk Bl BaT o 4S9 Bt TS B2
P AP P S MRS SRRSO il sl
0. 29 NEachmink\a3 fided With B3L of hrtiiisial sedvateps eAftidiial S¥awster s maldébi + 1.0g

NOB 5ml NOB_ 1,9.10,22 10% Trehal ose Slow | x 0.5g AOB + 2nL AOB + 0.25 NOB
I nL NOBNSTANT QEEAN SeaSalts(Aquargue Systems, Mientos Olneyto.caghan fltszed citpwatsr NOB

| mLNOB 7, | + 25 itive Ix 1
. Aos 0t e st gt 3ot e By ee? e M gf, skt dpg e BRs etE

t he aquilowddt&hm dveright pior tovhieAddiciowof baebrivl aditiveParitpfigh. up  for water | ost
to evaporation, and a baseline sanple was taken. The bacteria were added at

11 a.m and left to circulate for 30 m nutes before taking the second
basel i ne sarfliesuext morning3be tanksweretoppad off Withudirapuye waten del sdmpensatecior

aquarium Ever r.ni,n a [ aw\Wer.e opped of it h.deiLoni,z ter
and t he%ag%b?%an@%etg%qgssg&g 'ea@ﬁr_élﬁg}geta_“%giW?’ef%’rsg%l‘—’flﬂ%\mmla&dﬁﬁ?r ite,
and t urighélor Bactehfal MdktGreNaFhe dtBaToiranks Wedk Mok des¥d with BbasteAMUhixhie. Tast -
Ammoni a and nitrite were neasured on a Foss _

SB7 reactor mixture consisted of strains of Nitrococcus-like NOB and Nitrospira-like NOB

of the present invention, represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ

ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID INO:7 and SEQ ID NO:8. Six clownfish

(Amphiprion ocellaris) were added to each tank on the first day of the test and fed twice a

day. The fish feed was a mixture of frozen brine shrimp and Spirulina fish flakes. On Day 3

of the test, four additional clownfish (dmphiprion ocellaris) were added to each aquarium.

Water samples were collected and tested daily for pH, ammonia, nitrite and
conductivity. On Monday, Wednesday and Friday the water was tested for nitrate and
+ turbidity. Measurements for pH were made with a Denver Instruments Model 225 pH/Ion
meter equipped with a Denver Instruments pH combination electrode. A Tecator FIASTAR
5010 Analyzer was used to measure ammonia, nitrite and nitrate (as nitrogen) using methods
described in Tecator Application Notes. Salinity was measured directly in each tank daily
using a YSI Model 30 hand-held salinity, conductivity and temperature system. Turbidity
data was determined with a DRT-100 turbidity meter (HF Scientific).

The mean nitrite concentrations for the SB7 treatment and control are presented in

Figure 6. The SB7 treatment oxidized nitrite significantly faster than did the control. The

mean nitrite concentration reached 0 mg/L on day 24 in tanks receiving the SB7 treatment,

while 38 days elapsed in the control aquaria before nitrite values reached the same level of 0

) mg/L. Furthermore, the mean maximum nitrite concentration of the SB7 treatment (about 2.4

mg/L-N) was significantly lower than the mean maximum nitrite concentration of the control
treatment (7.2 mg/L-N) (Fig. 6).
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FI ASTAR 5000 using nmethods described in the Foss Application Notes. A
Tecator FI ASTAR 5010 was used to neasure nitrate (as nitrogen) using

nmet hods described in the Tecator Application Notes. Turbidity data was
determ ned using the HF Scientific Mcro 100 Turbidinmeter. Results: Table
16 reports the initial wet weight of the freeze-dried bacteria and

trehal ose ng.xt f . -dried. t r

wei ght yt el jhe thale Aot ek e ihod OPNOMESE (e BFRER (BRI E e BRef o,
wei ght atya&blféﬁt_tiﬁ% nithite VRIdafoS ih MeWE? set-iye deaw@ed @.guaatiat AP nAEififainiBaGligfe 2 %
Cryo PSR Initial Volune Wt wt (g) Dry vt  AOB 5% M Id 1000 1047.2 200.5
AOB 59%elowdaiic eontOotatioos duingthis tine pepd.0% M | d 1000 1082.4 248.4 AOB 10%
Aggressive 1000 1082.2 249.1 NOB 5% M| d 500 539.7 102.4 NOB 5% Aggressive

500 537.8 103.7 NOB 100/0 M1d SOM. 0 NOB 10% Aggressive 500
548.2 121.7 During the freeze-dryi the foll ow ng was noted: the

mld PSR took about 35 hours, finishi rig at, a tenperature of 27C. The

aggr essi ve PSR took about 28 hoBasterigliAddiivedesk o tenperature of 27C. The
NOB dried faster than the AOB. The 10% trehal ose solutions left a thin
sugar | ayer The gbdleofdthis tespwad Uot assess fhet wability lodi fréezg-drind sadtvesder Htigter e 7

h t he, ' | N=4) f t ' t ts jn this test.
Th. mo@RAIZIE H6ITHR B3t Bk DSEoNoIEE f0b 5 STHONDN e €08 o sgawes abade f6sh 0
3 6 o e ftprc i dfie e _ |
7ot otaoretfeRlof VorBH Bikfostidls, HTRAL0G] nehd ff AbBRAh i AR O

treat nmella, whether they received a liquid (positive control) 50 or
freeze-dried formof the nitrifying bacteria, reach a 0 ng/L concentration
of ammonia significantly faster (Fig. 7). The nean anmoni a concentration
val uesMethodshBreparaioreofBactetia r eat ments fell between those of the positive

freezesdri ooy BERE om Rencfor SEl" s 800, of NOR A el 2 o8 midEt e 4. 6
o/ L apfetheeafdi@fled il Har RSt ORS TaARYEIOM cVefhight: Both Reactor SB1 and Reactor

SB2 contained all of the strains of NOB of the present invention (represented by SEQ ID

NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID

NO:7 and SEQ ID NO:8) and both were maintained at a salinity of 30 ppt. The following

day, as much supernatant as possible was removed from the tank. A second concentration

was carried out in smaller containers until as much supernatant as possible was removed. The
remaining bacteria were collected and placed in a 5L container to settle for 4-5 more hours.
Again, as much supernatant as possible was removed and the solution was split to two parts.
At this point, trehalose was added to the bacterial solutions as a cryoprotectant in varying
amounts. In one solution, 50g of trehalose was mixed with 1,000mL of NOB for a 5%
trehalose solution and in the other solution, 100g of trehalose was mixed with 1,000 mL of
NOB for a 10% trehalose solution (Table 14). AOB from two saltwater reactors were
similarly prepared for freeze-drying. Samples were stored at 4°C prior to further processing.
Excess amounts of NOB and AOB, with no cryopreservative, were stored at 4°C to be used

as positive controls.

Table 14: Experimental set-up of bacteria for freeze-drying

Bacteria type | SB1 and SB2NOB | AOB

Salinity 30ppt 30 ppt

cryoprotectant 5%, 10% Trehalose | 5%, 10% Trehalose
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The mean nitrite concentrations for the various treatnments of this test are
presented in Fig. 8 These results mrror those for the anmonia data. All
the aquaria which received a bacterial inoculation, whether the positive
control or freeze-dried, exhibited nitrification significantly faster than
those aquaria that received the negative (Fig 8). Figure 9 confirns that the
di sapgp€arance of ammof and nitrite re due to oXidation of those
compduf88€%¥o nitrate. figure cle beFX/_shows that jall treatments produced

an idir%?feer4t§rni trat eaé&@gﬁ@g ation ABE f&*ﬁfy The |positive control

treat ) ted to itrate alApst [medidtely after the test
began. Prilmaryr eeze-drigd ..freatnents $tarted generatiing nitrate by about day
10- 15 Subliiatiow Ratés :ﬁ%}!&’ AEEYST P cat Bﬁdm%%glg’ﬁsé\'eabl ilshed nore quickly in
aquarrta rnoculated wih the bacterral Strains of the present invention than
i n non-inocul ated aquaria. The results of this test denonstrate that
~freeze-dried preparations of the bacterial strains of the present invention

mai ntai n t hgi Labi ity an i Bjk.i oxi f] LWk . Ditrate
after exte%‘li“{/te‘r%feodrrg{gng’f% r igge@%[r%iggh{ ﬁ‘a’orotr‘ﬁ8 egfké{é‘(ﬁ].s 5’%}? tsﬁ}lﬁ')%m%&s’{ al so
denmonsiateat@SR)Natild dnguagrésive.f Al eTBPIRE ivittle PoRP Bhito Gite-réfrigkRted aayindl
strains of the present 1nvention can establish nitrification in new

set - upplaeadain afreersr The disezer wap corlad thOiCat Samples wereafrozencior Bchowrs andof t hi s

| d it h ' f
o o m0SeaHRY BB b A0, TBERERNAL B ArB MARE M RITE e RS ¢ ana
i t 1 at'ehd ReddicldridalilesWeie st 8O HRpRMPror BBl Fmbhths BAg4er | al  Additive
Test The goal of this test was to assess the viability of freeze-dried

saltwater nitrite- oxidizing bacteria that had been stored for 11 nonths and
t o det er m n¥esthsctopt i Twéntyleight dive-gallon vequamianand ifiltero wete zdisipfértet ovitha f or

t he pugpose of redugi t he concentration of. njtrite . in a..51 agueous

odi e gnselandaitred BicRe Anats Vereoaled vih 19 s of ASTE RN ar i ous
L 1 : . . C hod hods:

b epar S REAF spAfaltbABRAC Y (IRUTR IO AN O AN de SR 18 R PGB { o

React ogalifiitf o292 pptx AdPengniyetl 2 iposver! fitet,t équipped avithar vieeshlyOninged! acarbdnHOT)

overni ght,. Both React nd React,or B2 cont ai ned ] of .the strains of
NOB of Cariridegy anda pey -%ﬁf(waé aesd onesge quﬁamc&u d in, a%fkéi?\be 2, SEQ

NG ) ROl 08 Nckrd et Databis st e Tpidonty s Pt

treatment consisting of four replicates each (Table 15).

Table 15: Bacterial Additive Test 48 Set-Up

Sample Cryopreservative Primary Amount of Estimate of
Numbers Sublimation material per liquid
Rate tank equivalent
7,15,20,24 5% Trehalose Fast - Ix | 04gAOB+ | 2mL AOB +
0.2g NOB ImL NOB
4,6,13,21 5% Trehalose Fast 5x 2g AOB + 10mL AOB +
1.0g NOB 5mL NOB
1,9,10,22 10% Trehalose Slow Ix | 0.5gAOB+ | 2mL AOB +
, 0.25g NOB 1ImL NOB
3,8,19,23 10% Trehalose Fast 1x | 0.5gAOB+ | 2mL AOB+
0.25g NOB 1mL NOB
5,17,18,27 4°C Ix | 1mLAOB+
0.5 mL NOB
2, 16,25, 26 Positive 1x | 1mL AOB+
0.5 mL NOB
11,12, 14,28 | Negative
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day, as nmuch supernatant as possible was renoved fromthe tank. A second
concentration was carried out in smaller containers until as much

supernat ant as possi bl e was renoved. The renmining bacteria were collected
and placed in a 5L container to settle for 4-5 nore hours. Again, as much
supernat ant as possi bl e was renoved and the sol ution was split to two parts.
At this poiA¥ne bthu@ BRtIRIEst RS agiEiady &1@ thhdUTE With ddiomiobdva

cryoprotectant in varyi ng anounts. In one solution, 50g o tre e was

m xed for whtefl J(3DOrevapdrativdl afida basetine samplvamﬁstek&ul The bacterialwiere added att Her

Y ?Lﬁ%lééeuiaﬁpﬁﬁ GBI EA BRF SR s?tl;l%ssgg&egtaeﬁneﬁﬂtsé”m&é? 0"
Thi 1 ha SRR Bansdly WE’???@%%L%"‘SQ A S T e

cr yoprtepgadwdt Witk deionized siater and tien 4&miptedoe used as positive controls. Table
17: Experimental set-up of bacteri a for freeze-drying Bacteria type SBl and

SB2 NOB ACB Sal i nj ty 30p cryoprotectant, 5% 10% Trehal ose 5% 10%
Tr ehal ose a§ rdéﬁlgo %ﬁ’eﬁ'ﬂ@@@*’fﬁlﬂ"%?ﬂ d Abidity, Nitrgte Wag i mar y

mld, e 0|l ﬂ']?(g%?lm S ex g, the
sarrpl elgg%éfeg st ny or %/ (E){rﬁla %@9@&%@ %%sﬁ% dE[P%S? PSR) :

m | d alt‘teksemgw@onusmg xﬂbmombmd\/mrme posy Apblivation/Nétes.efA Tekat ed trays and
placed in a freezer. The freezer, was cooled to -40C.  Sanples were frozen for

3 hour EIASTAR 561 0swiassused énmegsurs pitrate (as nirogen) psing maetbodsyleseribodiin ther i ed at

"yopni T35 ApaPedpn RG4S TR o B wal Weriniichle (5,8 SPchiind R G 3061 2° '

t est i mpurbidsmeeken from both saltwater NOB reactors (SBl and SB2) and 5L of
fresh cells were taken fromthe two saltwater ACBreactors The NOB were
conbi ned separ at egg and | eft to settle overni The next day the

super nat antResils  drablh 16 repertiytherigitia et et wesecdrinds bacieria, ang,
| mhof f tLing, bt
i ot SE HiaEO 6 bRl h”‘ﬁa‘h%gs‘gg%g'r‘?%%ﬁtmf. on&q'( #@%“g%‘}’ Rt h

freshlwoﬁmﬁ@tﬁ,a] twater m xed with | NSTANT OCEAN Sea Salts and deioni zed
water to a salinity of 28ppt. Serial dilutions of this stock were nade with

sal twater fapeRb2initiAlRfet RN 2R 8 BryoweigRE fidRis s e variols Sreessried 20! € 18) .

bacteria treatments
Bacteria | % Cryo PSR Initial Volume | Wet wt (g) | Dry wt
@©) ®
AOB 5% Mild 1000 1047.2 200.5
AOB 5% Aggressive 1000 1046.6 201.2
AOB 10% Mild 1000 1082.4 248.4
AOB 10% Aggressive 1000 1082.2 249.1
NOB 5% Mild 500 539.7 102.4
NOB 5% Aggressive 500 537.8 103.7
NOB 10% Mild 500 549.0 122.0
NOB 10% Aggressive 500 548.2 121.7

During the freeze-drying process the following was noted: the mild PSR took about
35 hours, finishing at a temperature of 27°C. The aggressive PSR took about 28 hours,
finishing at a temperature of 27°C. The NOB dried faster than the AOB. The 10% trehalose

solutions left a thin sugar layer on the dried product. No internal boiling was noted.

Figure 7 shows the mean ammonia values (N=4) for the various treatments in this test.
The negative control (no addition of bacteria) took 20 days to reach a 0 mg/L concentration
of ammonia. The ammonia in this treatment peaked on day 7 at a value of nearly 7 mg/L. In

contrast to these values, all the treatments, whether they received a liquid (positive control)
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Test set-up: Thirty-two ten-gallon aquaria and filters were disinfected with
Sanaqua, rinsed, and allowed to air-dry. Aquaria were filled with 37 liters
of freshly prepared artificial seawater, made by dissol vi ng | NSTANT OCEAN
Sea Salt in post-GAC to a salinity of 29 ppt. A Penguin 125 power filter,
equi pped with a freshly rinsed, carbon cartridge, and a new Bl OMEEL was

pl acedr Greeg@ated ot of the RitHOBARE babteriaNfbash la0BRHAG O conten®Mfir Hf SlifnonidSi NY
the Access Test Database, aquaria were randomy assigned a particul ar

t r eat sigmificaptiy faster§Big. B four replicates each (Table 18). Table 18:
Bacterial Additive Test 54 et-Up Sanple Cryopreservative Primary Anount of

ST o h it SRRk B ohSoh R SRS °T
19, 28posdlofrhe HoSitiek A28 fe%ﬁﬁv%éo&%lﬁ@aﬁ?}r.o% d¥erat, ﬂaegaqzlﬂ%a %%i D I‘\el(l'g

15,17, 22 10% Trehal ose Fast | x 0.5g A - 2m” AOB +
6, 7, 18re@3e-dfied trebtmetitsiredub®d+a maximE anki@nik roopbereition ofraboutt 4-6fmg/LAGE | |

NOB ] cel er .tank and se d dose 1, 3, 20, 32 Hi gh Dose InL AOB + 4x
SMILI?Qgﬁ‘hﬁll’E@L@ﬁﬁ”%@%aiﬁgﬁﬁWiﬂk 200nL/tank 5, 8, 9, 21 Mddle Dose O.5nL
AOB + 2x 2.5m/L 1.25nL/L 0.25nm NOB 200nl/tank 200ni/tank 2,10, 25,26 Low

Dose 0. 25“Tlﬁ%eéi¥iniﬁitgééﬁéehﬁgﬁ@&5ﬁ¥m§ vatiofls kreatthents fesiife ?f&%&e& @nk 53

NOB 11, 13 16, Negative -- -- 0 At the start of the tes aquari a
wer e tRigp# dThése results noferop those fomthiecammomniadatae uAll the aquariaswhichséceived a

evaporatiaon, ,and, g basel | ne sanple was taken._  The bacterja were added at 10
o m . deteria inacalafion.cHhether £Bs Pagtive Rkl OB iBeezer nﬁ%@g\ié‘é‘ﬁ‘ t98sel i ne

sanpl es?gni&/ﬁrtpﬁ faster than those aquaria that received the negative (Fig 8).

Figure 9 confirms that the disappearance of ammonia and nitrite were due to
oxidation of those compounds to nitrate. The figure clearly shows that all treatments
produced an increase in nitrate concentration over time. The positive control treatment
started to produce nitrate almost immediately after the test began. The freeze-dried
treatments started generating nitrate by about day 10-15. This confirms that nitrification was
established more quickly in aquaria inoculated with the bacterial strains of the present

invention than in non-inoculated aquaria.

The results of this test demonstrate that freeze-dried preparations of the bacterial
strains of the present invention maintain their viability and their ability to oxidize nitrite to
nitrate after extensive storage in freeze-dried form. The results of this test also demonstrate
that liquid and freeze-dried preparations of the bacterial strains of the present invention can
establish nitrification in newly set-up aquaria much faster than non-inoculated aquaria. The
results of this test also demonstrate that compositions for the maintenance of aqueous media,
as described herein, are capable of oxidizing ammonia to nitrite and nitrate to nitrate in said

aqueous media.

EXAMPLE 15
Bacterial Additive Test

The goal of this test was to assess the viability of freeze-dried saltwater nitrite-
oxidizing bacteria that had been stored for 11 months and to determine the optimal dose of

saltwater nitrite oxidizing bacteria for the purpose of reducing the concentration of nitrite in a
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norni ng the aquaria were topped off with deionized water and then sanpl ed.
Amonia (0.5ng/L) was added nanually to the aquaria each day, post
sanpling, to sinmulate fish excretion. The sanples were anal yzed daily for
pH, ammonia, nitrite, and turbidity. Nitrate was nmneasured intermttently
t hroughout the test. Amonia and nitrite were neasured on a Foss Fl ASTAR
5000 ugmBgudTaidifme deREdd00f ik NEstrREs 2f¥8Ptd Gadt! B d¥RichTenet B?

FI ASTAR 5010 was used to nmeasure nitrate (as nitrogen) using neth

descr i tommpdsitionkias desrived hetein| for mdintainiig agpeodsumedidi t y dat a was det erm ned
using the HF Scientific Mcro 100 Turbidinmeter. Results: Table 19 reports
the initial wet weight of the freeze-dried bacteria and trehal ose m xture
for eaMethodeaPreparetiom af Bagteriar eeze-dried and the dry wei ght vyield, post

0P LY oL o RERP o okl A B B N e M SRN B a1 e
Vet wio gaheﬁdd séftled T a&@v@%@ﬁl&qa&ﬁ@ﬁméﬁe&@@%&h HKéderor ¥BAOmHFeeabioe 1000
1046.6 201.2 AOB 10% M I d 1000°1082.4 248.4 AOB 10% Aggressi ve 1000 1082. 2

249. 1 SBRwostained |all aihthesteains o NQB qtme Hresenfginventionc(rgueses . ity $EQ. ID NOB

rr o0 RS BNG2 SELIBROG SHO B A, é@éﬁéﬁé,@@ﬁgﬁ

hour s, r I Artiin t 28
nour o, NO; AR SRR ) NOSF AR B fer yaiined 4P a SIS 0Pl ThO R,
ACB. lem_/ ]a@%xmchedupbmamnt as| passibibes \Maefmmavddhﬁmmsthgaanld asleccond doheemhatleml

pr oduct . ternal oi I | n vvas n ‘? ure 10 s the ne nmoni a
val ueswe?\&%{le ot 10 glant;3s possi ﬁé"aéaﬁil? %

addi t| féﬂx%@%ﬁ&&‘id krd %%e@t@d Qﬁd’ laE&i {neég{%ecg %}]ﬂ%g{rl séltgé‘ ?&“4-"5%?1‘8%9#.

anmoni a. ammonia In this trea ment pea at a value o

7 ny/ LAghin, acmoth superdatarit I“@pzossﬂallmas reaidved land theesodubiont was spihit tdrtwo partsy

recel Vf\d t‘t?isI IoqultJI trehaios]:srweraGSZ eadgec{ to the bacterial solutions as a cryoprotectant in varying
amounts. In one solution, 50g of trehalose was mixed with 1,000mL of NOB for a 5%
trehalose solution and in the other solution, 100g of trehalose was mixed with 1,000 mL of

NOB for a 10% trehalose solution (Table 17). AOB from two saltwater reactors were

nearly

similarly prepared for freeze-drying. Samples were stored at 4°C prior to further processing.
Excess amounts of NOB and AOB, with no cryopreservative, were stored at 4°C to be used

as positive controls.

Table 17: Experimental set-up of bacteria for freeze-drying

Bacteria type | SB1 and SB2NOB | AOB
Salinity 30ppt 30 ppt
cryoprotectant 5%, 10% Trehalose | 5%, 10% Trehalose
process Dry Dry
Freeze rate -40°C for dry -40°C for dry
Primary . . . .
Sublimation Rate mild, aggressive mild, aggressive

For freeze-drying, the samples were split in order to test two primary sublimation
rates (PSR): mild and aggressive. All samples were poured onto pre-refrigerated trays and

placed in a freezer. The freezer was cooled to -40°C. Samples were frozen for 3 hours and
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formof the nitrifying bacteria, reach a O ng/L concentration of anmoni a
significantly faster (Fig. 10). For the liquid fromthere was a clear trend
of a higher dosage establishing nitrification faster. The nmean anmoni a
value in the high dose treatnent did not exceed 0.3 ng/L and the aquaria
reached O ng/L NH3-N by day 4. For the medi um dosage treatnent, the nean
ammonj t dGA a h ' i ached 0
S T e D BB D b i e s DA
concefhhe feé¢zmadriabsaAngrlesswerestonetd in lyaphitized foimForl moathd at 42C.hed 0 ng/ nL by
day 6. The mean amoni a concentration values for the freeze-dried treatnents

were very _close éo ﬁagh other and fell between those of the liquid
~ treat ment s2hrRf fres8 celip dorgampargtiye tasting quﬁﬂif@rféqfalbpthﬁitwmm%r%@éﬁ vi ng

about (5 &SR0 ab8 3, SERES, CAROUE el BORTUE ST bRror SOS TAERE 1 7 o
conceNOB Wep® Sombinddnsepasitelp und e ad BEME Dvernighd STHeesxt day they siperbgadt i n

Fig. 11. These_results m rror those for the ammoni a data. The non-inocul ated
aquar was digin off gad ning gamplse wereyplaged in e dmboff seftlingwmne 10 determing eachi ng
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sh
i nocul ati on ?FI g 11). %I gure 12 confirns that the di sappearance of ammonia
and nideionized weater toacsalivity of 28pnti Serialfdilutionscofdbisstackdwere made withtsaltwatee fi gur e
cl ear | ho that all .treatnments . .produc [Jjcrease in nitrate
Concepﬁ/péppgﬁeWg}uxpiaﬂgaowﬁgsqgeaa?ddgttﬁggqsﬁmge t{}arted to produce nitrate
al nost imredi ately after the test began. The freeze-dried treatnents started

gener at i ngTRkf etuP: THIrBROWS téaYallbh Aitir Larld 811619 Reerd afitlfedtas with Sahaghadi d not
y

start producing nitrate until about day 40. This confirms that ]

ni tri finsed aod allowed o aistdryhdquariarweere filled withi 37 litgrpuefr freshlyryepared astifioial h t he
bacterial strains of. the.pr |- 104t . i n non-inocul at.ed uari a.
55 et PR oo, sieto it BEEANT RICEAN Fom S i B S G 10 B alifles 200G
the bﬁg@.9(P@ﬂlguiﬁtlw!p@%e?fﬁlﬂéﬂ%qﬁibﬁé@mth!anﬂ‘c%ﬁly iselBed¥bcH Ehart Jandiadldwt i ty and
their ability to oxidize nitrite to nitrate after extensive storage in

f r eez BIOWRBELovaa platrd or cadht aquarfium,pluggedsin, andsadloseddo sun eer-nighhdising qui d
and freeze-dried preparations of the bacterial, strai f the present

" nventieAceesn Test Dabri, aaRaia Ve sradomly astigled 2 nadichlie Hentmert CAnRtng ot o
than @ A&slidafts RAciRPs1E 28). The results of this test also denmpnstrate that
conpositions for the maintenance of aqueous nedi a,

Table 18: Bacterial Additive Test 54 Set-Up

Sample Cryopreservative Primary Amount of Estimate of
Numbers Sublimation material per liquid
Rate tank equivalent
4,27,29, 30 5% Trehalose Fast 1x | 04gAOB+ | 2mL AOB +
0.2g NOB 1ImL NOB
12,19,28, 31 | 5% Trehalose Fast 5x 2gAOB+ | 10mL AOB +
1.0g NOB 5mL NOB
14,15,17, 22 10% Trehalose Fast Ix | 0.5gAOB+ | 2mL AOB +
0.25g NOB 1ImL NOB
6,7,18,23 4°C -- Ix | 1ImL AOB+ -
0.5mL NOB
Fresh Cells Amount of [ AOB] [NOB]
cells per tank and dose and dose
1, 3,20, 32 High Dose ImL AOB + | 4x SmL/L 2.5mL/L
0.5mL NOB 200mL/tank | 200mL/tank
5,8,9,21 Middle Dose 0.5mL AOB + | 2x 2.5mL/L 1.25mL/L
0.25mL NOB 200mL/tank | 200mI/tank -
2, 10,25, 26 Low Dose 0.25mL AOB | 1x 1.25mL/L 0.625mL/L
+0.125mL 200mL/tank | 200mL/tank
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as described herein, are capable of oxidizing ammonia to nitrite and nitrate
to nitrate in said aqueous nedia. EXAMPLE 16 Bacterial Additive Test The
goal of this test was to assess the viability of frozen saltwater
nitrite-oxidizing bacteria that had been stored for 5 nonths and to assess

the viability of bacteria stored in a liquid at different tenperatures for
14 nopths—HRre—ggat—of—thts—testrwasgkso—totest—the—etfectiveness—of

var i ods—conposit-Hons—as—descr-bed-herern—fHorfui-ptal-ning agueous nedifa.

Vet hodkts 1oy ka2 atliNeRaIVeRact eri al Sal t wat er NOB flr om RBactors SBI Gind SB2
were harvested for the present test. Both Reactor SBl and Reactor SB2
contained all of the strains of NOB of the present invention (represented
by SEQID NG 1, SEQID NG 2, SEQID NO3, SEQID NO 4, SEQID NO5, SEQID
NO 6, SEQID NO7 and SEQ ID NO 8) and both were maintained at a salinity of
30 ppt. AGH theglartiaichs tast, e 2quaria aerotoppett off withdrionipedwatsy, tbanakenp pr esent

t est. st oc ol uti ons_of and NOB ,wer e de,w €ach i.ncor po [ 0% 5%
and 10 A Spes RXevipotn; sngt Bt MRIERRS B ThEBiclerid BRECalRa T T 1
one holf @iflleR6 Birs¥ilateBRE3D invids HéfdfeStakingithetdchnd bAeliR@BRhERs W/efy di Vi ded
into thirds and placed at three different "storage tenperatures: -"15C, -20C

and - SmOmifgthe aquariacweresoppest aff withaleiontizedov atemrandrthen saplédrAmmoniant hs.

Appr oxj mat e 11 ths earlier, sal.twater NOB . from Reactorg SBl. and SB2 and
AOB frwm@‘f”@% ydo freaguana g '4@&%?@@%?%@@%@ k. room
terrperggcﬁérﬁm_and 37C. These liquid sanples were stored for 14 nonths. At the
end of the storage period, each storage condition produced different cell
densities. Thus, dilutions were carried out so that each sanpl e contained
an equal anThesamplescwetesanalyzbd daibofor pH, andnionia, mitsite, and: tudbidityn dNitraté waeB
controls were sel ect g%gg?rv st%%}g bacterial, sanpl es from Reactgrs SBl1 and
I

d
SB2 anBReasuresinteap ¥ e iAmmonta and piiits Weremeasuradon i Eossy j 4

Addi ti : ‘dek; LR A pbliStiol NEP! ST Tenperature
Densi ﬁﬂﬁﬁ‘?g@ it 5o desrjued R TSy PhGdtcl NEWR) 9P TfGardr TETPCIS
Room t EASTAR 501 b@asusedtolmeasure nitrate (as nitrogen) using methods described in the

Tecator Application Notes. Turbidity data was determined using the HF Scientific Micro 100

Turbidimeter.

Results: Table 19 reports the initial wet weight of the freeze-dried bacteria and
trehalose mixture for each treatment that was freeze-dried and the dry weight yield, post
lyophilization.

Table 19: Imitial wet weights and dry weight yields of the various freeze-dried
bacteria treatments

Bacteria | % Cryo PSR Injtial Volume | Wet wt (g) | Dry wt
@) ® |
AOB 5% Mild 1000 1047.2 200.5
AOB 5% Aggressive 1000 1046.6 201.2
AOB 10% Mild 1000 1082.4 248.4
AOB 10% Aggressive 1000 1082.2 249.1
NOB 5% Mild 500 539.7 102.4
NOB 5% Aggressive 500 537.8 103.7
NOB 10% Mild 500 549.0 122.0
NOB 10% Aggressive 500 548.2 121.7

During the freeze-drying process the following was noted: the mild PSR took about
35 hours, finishing at a temperature of 27°C. The aggressive PSR took about 28 hours,
finishing at a temperature of 27°C. The NOB dried faster than the AOB. The 10% trehalose

solutions left a thin sugar layer on the dried product. No internal boiling was noted.
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O water AOB 370 7.5 666nL 5n]/L m /L added to NOB NOB 4C 2.5 400m.+ I m /L
m /L 100nL water NOB Roomtenp 1 nil/L Use all cells Im/L NOB 37 3 m/L
333nL 1IML/L added to AOB Test set-up: Thirty-six five-gallon aquaria and
filters were disinfected with Sanaqua, rinsed, and allowed to air-dry.
Aquaria were filled with 19 liters of freshly prepared artificial seawater,
made by dissol ving, | NSTANT OCEAN Sea st GAC,to a salinity of 30
ppt. A Pe fgﬁ hoygshe P’Fﬁémm%lglﬁﬁﬁjmf‘pn ogthe(ggxm\y treatments in Hipon

cart rﬂegg erheaéb‘?nr%l gﬁé{"adﬁ{t]x%@acééﬁﬁ% ﬁbﬁ es t h%gég' %%E%n@én‘t‘ﬁﬂ&? of N, and

al l owed to run over-ni aquarta were

randoathomasll@ﬁminmmﬁrmlthisltaaauhmqfeMomM}slzm @9alueof heatly 7 efy/lL.cai es each
(Tabl e 21). Treatnent conditions for the test were sel ected from the |arger

gr oupcatras ot theseavalyes rallythedeaatmentsnwhether, ABey Facsived iaaliguid %@eze—éu@l and

L5 B S e ) S B

per f ogrigdopn the various stored frozen and liquid bacteria. TabI e 21: Test
Set-U for acterial Additive Test Treatment St orage Tank % Vol une Cells
Added Tinme Nunmber trehal ose Added AOB/ NOB(nlL) AOB/NOB nL FT 17 10C 5
nont hs 12, Farghe liguidsfrpmtherg wasia Qenrmndmfa eFgosage eatalzhs{hmgmtnfmaepﬂ 15,

22 10% Al 2m JO 4l . FT 17 5 nmont hs 2 0% 2nL L
U0 SHEF B et bty Salue in e High dgsg Beyiens id got croesd p iy ¢

glegﬁb ?Q{ﬁné,re&hé@ 0 3tg/NONPBCRIEYy aaf’qm Fby the?thedidn daéage%a%é%t R Aean
ammonia concentration reached a maximum value of about 1 mg/L. and reached 0 mg/L by
day 5 (Fig. 10). For the low dose treatment, the mean ammonia concentration reached a

maximum value of 1.5 mg/L. and reached 0 mg/mL by day 6.

The mean ammonia concentration values for the freeze-dried treatments were very
close to each other and fell between those of the liquid treatments and the controls (Fig. 10).
In general, the aquaria receiving the freeze-dried treatments reached a maximum ammonia
concentration of about 4 mg/L and reached 0 mg/L between days 10 and 12.

The mean nitrite concentrations for the various treatments of this test are presented in
Fig. 11. These results mirror those for the ammonia data. The non-inoculated aquaria took,
on average, over 50 days to reach 0 mg/L NO2-N after reaching a maximum concentration of
nearly 26 mg/LL NO2-N.  All the aquaria which received a bacterial inoculation, whether
liquid or freeze-dried, exhibited nitrification significantly faster than those aquaria that

received no inoculation (Fig 11).

Figure 12 confirms that the disappearance of ammonia and nitrite were due to
oxidation of those compounds to nitrate. The figure clearly shows that all treatments
produced an increase in nitrate concentration over time. The liquid treatments started to
produce nitrate almost immediately after the test began. The freeze-dried treatments started
generating nitrate by about day 17 while the non-inoculated aquaria did not start producing
nitrate until about day 40. This confirms that nitrification was established more quickly in
aquaria inoculated with the bacterial strains of the present invention than in non-inoculated

aquaria.
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36 Liquid Room 14 nonths 17, 20, 21, 0% 00mJ OOnL I m JO.2n. Tenp 25 Liquid
37C 14 nonths 19, 26, 27, 0% 00mJ 00OnL 1m JO.2nL 33 Liquid 4C 14 nonths 6,
29, 30, 0% 100m J100nmL InL/0.2nL. 34 At the start of the test, the aquaria
were topped off with deionized water, to nmake up for water lost to
evaporation, and a baseline sanple was taken. The bacteria were added and

left to cirgul ' et kil . b i npl es.
Every nor ni]ﬁllg l?lgllgltg gg utgltrgi %@%@%@%@éﬁa (gf‘?&\?mg'tgﬁl%&r%?@ebgmﬁaﬁg% bggtg%@hen
sanpl ggtaindiofeiy presentoigéntlonMamintaidctheir viability|avd ttheit BBiligyl tabxidize agfiteimy, post
sanpling, to sinulate fish excretion. The sanples were anal yzed daily for
pH, amitbae aftergxtensive storage: i, fspegprdyied Mpimp.o tThe wesylts of this testialso demenstratent | y

5000, 408 g e QHPY BicboPibof lrithd Baclflaf sHBES o e Bt iGla e
FI ASTAR b Onitpecatiatint iRwIpastif alfhdrizdacH Bten itfhanOsinobifhied alPirA0 dPhe

described in the Tecator Application Notes. Turbidity data was determ ned
usi ng resvdts e tide test alspi demvinstratetbat compositionsrfardhe maingenancd af adveors mpdiayrean

amoni a yal ye N=4) for the varigus treatnents. in this test. The negative
cont r gF desibRR BEFBn g el af riAD e SRR L iy abd afirae & igete 1 said
concenfohahis@ed®{. ammoni a. The ammonia in this treatnment peaked on day 14 at
a value of 58 nearly 7 ng/L. In contrast to these values, all of the
experinental aquaria, whether they received a frozen or liquid treatnent,
reach a 0 ng/L concentration of amBEXAMPIFI6icantly faster (Fig. 13).
Figure 14 shows the nean nitrite values (N=4) for the various treatnents in
this test. Aquaria receiving thBactegial AddittveTésél and the treatnment of
liquid bacteria stored at 37C exhibited elevated nitrite levels that did

not_abat e afyefo ARG Fs 45 )Ssesd M ARIRPS fibzed SMIBAUAAHESoxihE

remai nder of the experinental aquari a, ey receive rozer or
| i qui chactesiatthat iad weehi dvored dfor Srmonths andito assesstthe vimbilitpyof ibactetia storedRinp  14) .

0 b S W et 5 S B ool 3 e et BB 1
Col | 5 IRHLARSUEIAIONE CAOIRS doTFataf porohh (ol il ROl fbaiae 11 v €
Methods: Preparation of Bacteria
Saltwater NOB from Reactors SB1 and SB2 were harvested for the present test. Both
Reactor SB1 and Reactor SB2 contained all of the strains of NOB of the present invention
(represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8) and both were maintained at a salinity of 30
ppt. AOB from two saltwater reactors were also harvested for the present test. 3 stock
solutions of AOB and NOB were made, each incorporating 0%, 5% and 10% trehalose as a
cryoprotectant. Samples were then placed at 4°C for one hour and then at -80°C for 72 hours.
Finally, the samples were divided into thirds and placed at three different storage
temperatures: -15°C, -20°C and -80°C. The samples were stored at these temperatures for 5
months.
Approximately 11 months earlier, saltwater NOB from Reactors SB1 and SB2 and
AOB from AOB reactors were stored at 3 different temperatures: 4°C, room temperature and
37°C. These liquid samples were stored for 14 months. At the end of the storage period,
each storage condition produced different cell densities. Thus, dilutions were carried out so

that each sample contained an equal amount of cells (Table 20). Finally, positive NOB and
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liquid treatnments showed a consistent, upward trend in nitrate
concentration. The results of this test denonstrate that frozen preparations
of the NOB of the present invention maintain their ability to oxidize
nitrite to nitrate after 5 nonths of frozen storage. The results of this
test al so denonstrate that the optinmumfrozen storage tenperature for the

St or adWOB caRFRlF Feth telocta by BarheiRizicioTA sampish 508 Retctars SB apd SBBamfar
e

enbodi als | [a¥a: : i pparent to
people 0O k?r%#ﬁ%?% @xﬁ?ﬁgferly ﬁ@grstg& tn Rgéﬁg&n%lg&}lng&ﬁ@rfegg!l#sgat I ons may be
made w thout departing fromthe spirit thereof. The acconpanying clains are
i ntended to cover such nodifications as would fall within the true spirit
and scope vpjblémliﬂggﬁﬁmofimials@mégy di scl osed enbodi nents are,
therefore, to be considered in all respects as illustrative and not
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sequence i (

bl at ed gbealeri al

Flentical to SEQ
added to NOB

str ai SmiiBv
DNO |I. 4

i ng
0 1ni

FHL T1 NG

NOB 4°C 2.5 400mL +

100mL water

1Iml/L
ml/L

NOB R.oom temp 1 ml/L Use all cells Iml/L

NOB 37° 3mlL 333mL

added to AOB

IMIL

Test set-up: Thixty-six five-gallon aquaria and filters were disinfected with Sanaqua,
rinsed, and allowed to air-dry. Aquaria were filled with 19 liters of freshly prepared artificial
seawater, made by dissolving INSTANT OCEAN Sea Salt in post-GAC to a salinity of 30
ppt. A Penguin 170 power filter, equipped with a freshly rinsed, carbon cartridge, and a new
BIOWHEEL was placed on each aquarium, plugged in, and allowed to run over-night. Using
the Access Test Database, aquaria were randomly assigned a particular treatment consisting
of four replicates each (Table 21). Treatment conditions for the test were selected from the

larger group of bacterial storage conditions (frozen bacteria at -80°C, -20°C and -15°C with

various concentrations of trehalose and liquid bacteria at 4°C, room temperature and 37°C)
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c110> Aquaria, Inc. Hovanec, Tinothy A Phalen, carol m:120>
Nitrite-Oxidizing Bacteria and Met hods of using and Detecting the
c130> 81289-312520 :150> us 10/682,179 :151> 2003-10-09 :160> 22 :170>
Patentln version 3.2 :210> 1 :211> 1495 :212> DNA :213> unknown :220>
1 223> NOB SB7c32 16S rDNA :400> 1 gatcatggc tcagattgaa cgctggcggc

at gcctaaca catgcaagtc. gagcggcagc 60  gcgectttc ttcggaaagg tggctggcga,
gcggc ey Bisabuaie! qeshibygiene Rertored con tis, o Hgreca§ode gnd i
ctcggq%%&gataccgcatac gcctacgggg 180 aaagcgggc ctctgcttgec aagctcgcac
cgatggatga gcccgcgtcc gattagctag 240 tggtggggt aatggcctac caaggcgacg

at cggt agct ggtctgagag gacgatcagc 300 acactggga ctgagacacg gcccagactc

Same

ct acgggaqg cagcagt aat attgga 360 aat gggcgc aagcctgatc cagcaat gcc
gcgt 8&@32}@’Esw gﬂ&)gg&ﬂqtgmﬁa& Jitive Jestt 11 ca gt cgggagga aaageat cgg
gt t adtBreatmenfyt gt dt tSfonagst t Fauky 480 | ag%agadgc Yebimet aal (CellstArddedg
cagcqgcggt aat acgdagdligiedcacNambeb40 | treiialgedat tAddegdgcof AOBNOBa@IL)
t aggdggt cg gat aagt|cgg gt gt gpaagc 600 | ccgggcticaApB/N@Raal tgcatccgat
actgtittggc tagagtdtgg tagagjggagg 660 | ggaattdgcc gmsagcgg t gaaat gcgt
agat at aac TgUT U, 740 T gt Tty AT S0
t gcgq aﬁglﬁg%ggagc% ° ucggE,Eg"agEWg% tggt:‘?c?ct gt2ag 66@?; cgck %’é’&ﬁ@g
aggacf_agr‘r‘ mi‘fngatfr\n itaatigetitc-840 i:rtggn faX-} get aacgcy teagtcctcec
gcct dgobAd A2 Eagcadrmonthst 1 hhaads, 2hd  d8%ygaat 20604mbggt mEQ4mE
ggt ggdE 47 20%gt t t{damonthgat gt2a6, 2H0 10% 2mL/0.4mL 2mL/0.4mL
FT 17-80°C 5months |8, 11, 13, 10% 2mL/0.4mL 2m1/0.4mL
23
Negative 4,9,10,32 No bacteria
Positive 24, 31, 35, 0% 25mL total 2.5mL/1.8mL
36
Liquid Room 14 months | 17, 20, 21, 0% 100mL/100mL 1mL/0.2mL
Temp 25
Liquid 37°C 14 months | 19, 26, 27, 0% 100mL/100mL 1mL/0.2mL
33
Liquid 4°C 14 months | 6, 29, 30, 0% 100mL/100mL 1mL/0.2mL
34

At the start of the test, the aquaria were topped off with deionized water, to make up

for water lost to evaporation, and a baseline sample was taken. The bacteria were added and

left to circulate for 30 minutes before taking the second baseline samples. Every moming the

aquaria were topped off with deionized water and then sampled. Ammonia (0.5mg/L) was

added manually to the aquaria each day, post sampling, to simulate fish excretion.

The samples were analyzed daily for pH, ammonia, nitrite, and turbidity. Nitrate was

measured intermittently throughout the test. Ammonia and nitrite were measured on a Foss
FIASTAR 5000 using methods described in the Foss Application Notes. A Tecator
FIASTAR 5010 was used to measure nitrate (as nitrogen) using methods described in the
Tecator Application Notes. Turbidity data was determined using the HF Scientific Micro 100

Turbidimeter.

Figure 13 shows the mean ammonia values (N=4) for the various treatments in this

test.

The negative control (no addition of bacteria) took 25 days to reach a 0 mg/L

concentration of ammonia. The ammonia in this treatment peaked on day 14 at a value of
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: gaagaacc ttacctgctc ttgacatctc cggaacctta cagagatgtg agggtgcctt 1020
) ggaaccgg at gacaggtg ctgcatggct qtcqtcaqct cgtgtcqgtga gatgttgggt 1080 2/11
81289-0312520. 5T25. t xt taagtcccgc aacgagcgca acccttgccc ctagttacca

gcggttcgge cggggactct 1140 igggggactg ccggt gacaa accggaggaa ggtggggatg
acgt caagtc atcatggccc 1200 ttatgggcag ggctacacac gtgctacaat ggccggtaca

aagggt t a gt 12 aal C aa cggtcccagt ,c ttgca
ot o el BT P Rnaat o A8 NARE h S RE SRR G iR e R iy o
gt gaatraéefied h 60886 D7 liquiPBatmest, AuRE AT mPFT QiceRGAiciCT BBRREY sigHECdnfyacC
agaagt cggt agcctaacct 1440 :cttaggaag gagggcgctg cccacggtgt ggtcgafgac

t ggggtfedadigddd.a 1495 :210> 2 :211> 1450 :212> DNA :213> unknown : 220>
: 223> NOB SB7cl1l1 16S rDNA :400> 2 iatcatggct cagattgaac gctggcggca

e 0. AR T ke AR S,
- tcggatfaahs RE& #Hdnk Gaee %%gthe WQSPHQ&H%E&HE%O?&CQ@F@C
gat ggat jag cccgcgaccg aft agct agt ggt ggggt a acggcctacc aaggcgacga

t cggt aghibfledgdleiaged adaitederischgr didSE%IOabate: aftérongrecthig 30alags gth catastaet cc
t acgggaggc agcagt ggga. aatatt ggac g at gggcgca agcct gat cC agcaat gccg
cgt ggghess xaluea tae aeimaingg of Hiearpenmental agudnia; yhether dheygaemived Ayazeagyg

agocoaaler-aPbub R0t KAaadpin e APASAMER AR IELCora cagogoat ot

aggcggt cgg at aagt cggg t gt gaaagcc 600 cgggctcaa cctgggaatt gcatccgata

ct gttt gtct Figgrdl §isbgivs Aamead gixatéd tdluesg@Ned) for the Yag bixglega@hentinahig ¢ght.a
gat at cggga ggaacaccagb_tg cgaaggc 720 _gtctcctgg atcaagactg acgct gaggt
gcgaaaglg g theddyaripcaea & 15¢fRasedn nitate CORGPANHE AN QWE &&@uﬁaaﬁ@géesga

9920 8t A0 00 ol RO 9 ot 976 KR, FCAREACHH br BRSS! S0

liquid treatments showed a consistent, upward trend in nitrate concentration.

@)

The resuilts of this test demonstrate that frozen preparations of the NOB of the present
invention maintain their ability to oxidize nitrite to nitrate after 5 months of frozen storage.
The results of this test also demonstrate that the optimum frozen storage temperature for the
NOB of the present invention is -80°C, but that -20°C and -15°C are also good storage

temperatures.

While the description above refers to particular embodiments of the present invention,
it should be readily apparent to people of ordinary skill in the art that a number of
modifications may be made without departing from the spirit thereof. The accompanying
claims are internded to cover such modifications as would fall within the true spirit and scope
of the inventiora. The presently disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the invention being indicated by the
appended claimas rather than the foregoing description. All changes that come within the

meaning of and range of equivalency of the claims are intended to be embraced therein.
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aaaggaatt gacgggggcc cgcacaagcg gtggagcatg
gaagaacct tacctgctct tgacatctcc ggaaccttgc
ggaaccgga tgacaggtgc tgcatggctg tcgtcagctc
ggt cccgca acgagcgcaa cccttgeccc tagttaccag cggttcggecc ggggactcta 1140
ggggact gc cggtgacaaa ccggaggatg gtggggatga cgtcaagtca tcatggccct 1200 3/11
81289-0312520. ST25. t xt tatgagcagg gctacacacg tgctacaatg gccggtacaa
agggttgcaa accgtgaggg 1260 ggagctaatc ccaaaaagcc ggtcccagtc cggattgcag
tctgcaactc gactgcatga 1320 agtcggaatc gctagtaatc gcggat cagc aatgccgcgg
tgaatacgtt cccgggcctt 1380 gtacacaccg cccgtcacac catgggagtc ggctgcacca
gaagtcggta gcctaacctt 1440 cttaggaagg 1450 <210> 3 <211> 1445 <212> DNA
<213> unknQyyma TSR LA M3 1sNOB SB7c136 16S rDNA <400> 3 tgatcatggc

tggtttaatt cgatgcaacg 960
agagat gt ga gggtgccttc 1020
gtgtcgtgag atgttgggtt 1080

t cagaacgaa cgctggcggc gcgcctaaca cat gcaagt c gaacgagaat 60 :cggggcaac
t cggt agt aa agt ggcaaac gggt gaggaa tacatgggta acctgccctt 120 3agaagggaa
t aacccgccg aaaggt gagc taatacccta tacgctatca tttttacgaa 180 iaagatagga
aagccaagt c gaggacttgg tactcaagga ggggctcatg tcctatcagc 240 ttgttggtgg
ggt aacggcc taccaaggct acgacgggta gctggtctga gaggatgatc 300 igccacactg
gcact gagat acgggccaga ctcctacggg aggcagcagt gaggaatatt 360 )cgcaatggg
cgaaagcctg acggagcgac gccgegt ggg ggat gaaggt tttcggattg 420 aaacccctt
t cat gaggaa agat aaagt g ggt aaéclaotogtcaljmpggtcahuretodfaa)gaarjd s&‘aﬁn thhtglxdadimggtditite
aacttcg g itttactqg
ot anaglp B IRBHUL e b RRAGE P teRens el has o pidib s Geatepis, e
aaggt coaga) 'ggggpgactc agct agagga cgggagagga gcgcggaatt. 660 :ccggt gt ag
cggtgaaatg cgt agat at ¢ gggaagaagg ccggt ggcga aggcggcgcet 720 :tggaacgta
cctgacgct g aggt gcgaaa gcgt ggggag caaacaggat tagataccct 780 |gtagtccac
gccctaaacg atgggtacta agtgtcggcg gtttaccgtc ggtgccgcag 840

2. A composition, comprising a concentrated isolated bacterial strain

that oxidizes nitrite to nitrate wherein the 16S rDNA of the bacterial strain has a nucleotide

sequence comprising SEQ ID NO:1.

3. The composition of claim 2, further comprising a microorganism selected from
the group consisting of ammonia-oxidizing organisms, nitrite-oxidizing microorganisms, nitrate-

reducing microorganisms, heterotrophic microorganisms and combinations thereof.

4. A composition comprising nitrite-oxidizing bacteria and ammonia-
oxidizing bacteria, present in an approximately 1:3 ratio, wherein the nitrite-oxidizing bacteria
comprises an isolated bacterial strain having 16S rDNA including a nucleotide sequence
identical to SEQ ID NO:1.

60



900
960
1020
1080

:taacgcagt aagtaccccg
| acgggggecc cgcacaagceg
racccaggtt ggacatgctc

: gagct cagg tgctgcat gg

cctggggagt acggccgcaa ggttgaaact
gtggagcatg tggtttaatt cgacgcaacg
gt ggt acgaa cct gaaaggg tgaggacctc
ctgtcgtcag ctcgtgccgt gaggtgttgg
i caacgagcg taacccctgt cttcagttgc cat ggggt ca tgccgagcac tctgaagaga 1140
:tgcccagga taacggggag gaaggt gggg at gacgtcaa gtcagcatgg cctttatgcc 1200
ggggct aca cacgt gctac aat gaccggt acagagggtt gcaatcccgc aagggggagc 1260 4/11
81289-0312520. S125. t xt caat ct caaa aaaccggcct cagttcagat tggggtctgc

aact cgaccc catgaaggtg 1320 gaatcgctag t aat cgcgga tcagcacgcc gcggt gaata

cgttcccggg ccttgtacac 1380 ggé 8ca§ga%%aa agt cagct gt accagaagtc
%%ér

caaaggaat t
cgaggaacct

gaaaggggag
gt t aagt ccc

actggcgcca acctgcaagg 1440 <211> 1450 c212> DNA <213>

Unknown ¢220> c223> NOB s c400> 4 tgatcatggc tcagaacgaa
cgctggﬂggoNgngntaana cat gcaagt c gaacgagaat. 60 :cggggcaac tcggtagtaa
agt ggcaaac“% @5’ hy. Acat gggta acctgccctt 120 jagaagggaa t aacccgccg
aaaggtgagc aat'accct a tacgctatca tttttacgaa 180 taagatagga aagccaagtc
gaggat2t-gonittatte-aagijaigygactadh caridced thbdagpd @glihg artdgbergtipyy gbe aacggcec
t accaaggct @Pfacgggt a gct ggt ct ga gaggat gat ¢ 300 i gccacact g gcact gagat
acgggggﬁga&ggggﬁggggg aggcagcagt gaggaatatt 360 |cgcaatggg cgaaagcctg
acgca Cgac gcc g ggat gaaggt cttcggattg 420 :aaacccctt tcatgaggaa
agat & %%t 9 g t agacggt ac ctcaagaaga 480 tgccacggct aacttcgtgc
cagcagtcgc cga aggtggcgag cgttgttcgg 540 ttttactggg cgtaaagagc
acgtagnggmitgggaaagc cttttgggaa atctcccggc 600 :taaccggga aaggtcgaga
ggaact ctc_agctaga gg agagga gcgcggaatt 660 :ccggtgtag cggtgaaatg
cgtag$(5t6”ﬁg 933850% t ggcga aggcggcgct 720 :tggaacgta cctgacgctg
aggt geggaal gcgt ggggag caaacaggat tagataccct 780
211> 1495
212> DNA
213> Unknown
220>
223> NOB SB7c32 16S rDNA
400> 1
gatcatggc tcagattgaa cgctggcggc atgcctaaca catgcaagtc gagcggcagc 60
gcgecttte ttcggaaagg tggctggcga gcggcggacg ggtgagtaac gcgtgggaat 120
taccttcgg tgggggatag cccggggaaa ctcggattaa taccgcatac gcctacgggg 180
aaagcgggc ctctgcttgc aagctcgcac cgatggatga gcccgcgtcc gattagctag 240
tggtggggt aatggcctac caaggcgacg atcggtagct ggtctgagag gacgatcage 300
acactggga ctgagacacg gcccagactc ctacgggagg cagcagtggg gaatattgga 360
aatgggcgc aagcctgatc cagcaatgcc gcgtgggtga agaaggcctg cgggttgtaa 420
gccctttca gtcgggagga aaagcatcgg gttaatacct cggtgtcttg acgttaccgg 480
agaagaagc accggctaac tccgtgccag cagccgcggt aatacggagg gtgcaagegt 540
aatcggaat tactgggcgt aaagcgcatg taggcggtcg gataagtcgg gtgtgaaagc 600
ccgggctca acctgggaat tgcatccgat actgtttggc tagagtctgg tagagggagg 660
gogaattccc ggtgtagcgg tgaaatgcgt agatatcggg aggaacacca gtggcgaagg 720
jgtctcctg gatcaagact gacgctgagg tgcgaaagcg tggggagcaa acaggattag 780
taccctggt agtccacgcc gtaaacgatg aggactagcc gttggattca ttaatgagtc 840
igtggcgca gctaacgcgt taagtcctcc gcctggggag tacggccgca aggttaaaac 900
taaaggaat tgacgggggc ccgcacaagc ggtggagcat gtggtttaat tcgatgcaac 960
‘gaagaacc ttacctgctc ttgacatctc cggaacctta cagagatgtg agggtgectt 1020
Jggaaccgg atgacaggtg ctgcatggct gtcgtcagct cgtatcatga gatgttgggt 1080



i gt agt ccac gccctaaacg atgggtacta agtgtcggcg gtttaccgtc ggtgccgcag 840
. taacgcagt aagtaccccg cctggggagt acggccgcaa ggttgaaact caaaggaatt 900
i acgggggcc cgcacaagcg gtggagcatg tggtttaatt cgacgcaacg cgaagaacct 960
:gcccaggtt ggacatgctc gtggtacgaa cctgaaaggt gaggacctcg aaaggggagc 1020
agctcaggt gctgcatggc tgtcgtcagc tcgtgecgtg aggtgttggg ttaagtcccg 1080
aacgagcgt aacccctgtc ttcagttgcc atcgggtcat gccgagcact ctgaagagac 1140
gcccaggat aacggggagg aaggt gggga tgacgtcaag tcagcatggc ctttatgcct 1200
gggct acac acgtgctaca atgaccggta cagagggttg caatcccgca agggggagcc 1260
at ct caaaa aaccggcctc agttcagatt ggggtctgca actcgacccc at gaaggtgg 1320

atcgctagt aatcgcggat cagcacggh 8&%19??6.@929&& ccgggc cttgtacaca 1380 5/11
8128%a@%é&%@%a@&@&g&%tacﬁ@t%@&gg@@gﬁ@%@@%g%&cgg@%ggéﬁcacﬁcagﬁ@gt ca
ctggcgccaa cctgcaaggg 1440 agggcaggtg 14 <210> 5 <211> 1473 <212> DNA

<213¥99a%asbarccoebgagsa @EQ%QQ@QM@EGQQ%QFWW 240t995CGaatiacgc
t QQC%Qgﬁﬂ:agcdg"é@&@a‘EQE ﬁg@@%&@@&@@ﬁ%&%ﬁg&gt&gg&%%e&«‘g:@g% giqdQt aaagt

ggcaaacggg tgaggaat gc at gggcaacCc tgcccttgag aagggaataa 120 cccgccgaaa
ggt gifgesdraat LE€eranpae geiceraat €¢99attocy HAatogashGeacugatso 1¥h ggt cgag
gact c9ERaat CARILALIY cggég%@&g} E&E@&gg@?&g&tﬁfz ttQQQéch%tgg 19gcggect ac

caaggct acg acgggtagct ct'gagag gat c catact ggca ct gagat acg

ggccaEfaca@cctarcqaagy ccakpyaenty agp glearnat tagaapteagt gggepace60 l4Mgcct gacg
! aaa0rGuir At earereg eRaRth phe il SIBBRISIE deo 0 00000
cagccgcggt aat acgaagg tggcaagcgt tgttcggatt tactgggcgt 540 iaagagcacg
t aggc’?@it E@aaagcct Cc ttgggaaatc tcccggctta accgggaaag 600 ttcgagaggt
act atf16agenh agaggacgg gagaggagcg cggaattccc ggtgtagcgg 660 tgaaat gcgt
agat éldgggynkmgaaggccg gt ggcgaagg cggcgctctg gaacgtacct 720
220>
223> NOB SB7c¢ll 16S rbDNA
400> 2
latcatggct cagattgaac gctggcggca tgcctaacac atgcaagtcg agcggcagca 60
cacctctct tcggaaaggt ggctggcgag cggcggacgg gtgagtaacg cgtgggaatc 120
acctteggt gggggatagc ccggggaaac tcggattaat accgcatacg cctacggggg 180
.aagcgggcc tctgcttgca agctcgcacc gatggatgag cccgcgaccg attagctagt 240
 .ggtggggta acggcctacc aaggcgacga tcggtagctg gtctgagagg acgatcagec. 300
cactgggac tgagacacgg cccagactcc tacgggaggc agcagtgggg aatattggac 360
atgggcgca agcctgatcce agcaatgeccg cgtgggtgaa gaaggcctgc gggttgtaaa 420
ccctttcag ccgggaggaa aagcatcggg ttaatacctc gatgtgttga cgttaccggce 480
gaagaagca ccggctaact ccgtgccagc agccgcggta atacggaggg tgcaagegtt 540
atcggaatt actgggcgta aagcgcatgt aggceggtcgg ataagtcggg tgtgaaagcc 600
cgggctcaa cctgggaatt gcatccgata ctgtttgtct agagtctggt agagggaggc' 660
gaattcccg gtgtagcggt gaaatgcgta gatatcggga ggaacaccag tggcgaaggce 720
gtctcctgg atcaagactg acgctgaggt gcgaaagcgt ggggagcaaa caggattaga 780
accctggta gtccacgecg taaacgatga ggactagccg ttggattcat taatgagtct 840
gtggcgcag ctaacgcgtt aagtcctccg cctggggagt acggccgcaa ggttaaaact 900
aaaggaatt gacgggggcc cgcacaagcg gtggagcatg tggtttaatt cgatgcaacg 960
gaagaacct tacctgctct tgacatctcc ggaaccttgc agagatgtga gggtgecttc 1020
ggaaccgga tgacaggtgc tgcatggctg tcgtcagctc gtgtcgtgag atgttgggtt 1080
ggtcccgca acgagcgcaa cccttgcccc tagttaccag cggttcggcc ggggactcta 1140
ggggactgc cggtgacaaa ccggaggatg gtggggatga cgtcaagtca tcatggccct 1200



aacgct gagg
. taaacgat g
taccccgcect
i caagcggtg
ratgctcgtg
: gcat ggctg
:ccctgtcett
- ggggaggaa
j tgct acaat
: cggcct cag
: cgcggat ca

t gcgaaagcg
ggt act aagt
ggggagt acg
gagcat gt gg
gt acgaacct
t cgt cagctc
cagtt gccat
ggt ggggat g
gaccggt aca
ttcagattgg
gcacgccgceg

11 3ok oA e A0 9%

t ggggagcaa
gt cggcggt t
gccgcaaggt
tttaattcga
gaaagggt ga
gt gccgt gag
cgggt cat gc
acgt caagt c

gagggttgca

acaggattag ataccctggt
taccgt cggt gccgcagcet a
t gaaact caa aggaatt gac
cgcaacgcga agaaccttac
ggagqtt gaa agaggagcga
gtgttgggtt aagtcccgca
cgagcact ct gaagagactg
agcat ggcct ttatgcctgg
at cccgcaag ggggagccaa

ggt ct gcaased eRI0ECALs IBRUE ggaa

gt gaat acgt tcccgggcct tgtacacacc

. cacasgapcagngetagaeary tariacRratgc gcygtaeaadadttardaagkrgygagguagdigecc

agt ccacgcc
acgcagt aag
gggggcccge
ccaggt t gga
gct caggt gc
acgagcgt aa
cccaggat aa
ggct acacac

t ct caaaaaa’

t cgct agt aa

gcccgt caca,

SRR s |

780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440 6/11
<210> 6
DNA c400>

6 it agtgyeatc ggaammcgcggagcamcgm@ccmwat@@aacg¢aesg:@ggeatcgalgaat ccg 60

| Pooditanacid SRR

| aaggaaagkaggt at cgagg
: ggt ggggt a acggcct acc
i cactgggacst gagat acgg
tatgg@@gaalagcctgacgc

: ccct PagP aaagat
tcgg :ttzé ct :%8 Yecage
t ct ggge@t a aagagcgcgt

e
at acggcgt t
aaggcaacga
gccagact cc
agcgacgccg
aaggcaggt t
agccgcggt a

: gggadR¥gt NeRg aBtydBadestnpdat aget a

cgggt agct g gt ct gagagg
t acgggaggc agcagt gagg
cgt gggggat gaaggttttc
act gcct gga cggt acctcc
at acgaaggt ggcgagcgtt

gt gaggaat ac cctt ga
R G R R T e
caaggagggg ctcatggcct atcagﬂsmgt

at gat cagcc
aat att gcgc
ggat t gt aaa
agaagaagcc
gttcggattt

<400> 3
tgatcatggc

ccggggeaac
Jagaagggaa
1aagatagga
ttgttggtgg
1gccacactg
jcgcaatggg
zaaacccctt
1gccacggct
itttactggg
‘taaccggga
:ccggtgtag
‘tggaacgta
jgtagtccac
:taacgcagt
lacgggggcc
:acccaggtt
‘gagctcagg
lcaacgagcg
‘tgcccagga
ggggctaca

aggcggttag gtaagcctct tgtggaatct ccggcttaac
gagggcggga gaggagtgcg gaattcccgg
tcagaacgaa cgctggcggc gcgcctaaca catgcaagtc gaacgagaat 60
tcggtagtaa agtggcaaac gggtgaggaa tacatgggta acctgccctt 120
taacccgeccg aaaggtgagc taatacccta tacgctatca tttttacgaa 180
aagccaagtc gaggacttgg tactcaagga ggggctcatg tcctatcagc 240
ggtaacggcc taccaaggct acgacgggta gctggtctga gaggatgatc 300
gcactgagat acgggccaga ctcctacggg aggcagcagt gaggaatatt‘ 360
cgaaagcctg acgcagcgac gccgegtggg ggatgaaggt tttcggattg 420
tcatgaggaa agataaagtg ggtaaccact tagacggtac ctcaagaaga 480
aacttcgtgc cagcagccgc ggtaatacga wggtggcgag cgttgttcgg 540
cgtaaagagc acgtaggcgg ttgggaaagc cttttgggaa atctcccggce 600
aaggtcgaga ggaactactc agctagagga cgggagagga gcgcggaatt. 660
cggtgaaatg cgtagatatc gggaagaagg ccggtggcga aggcggcgct 720
cctgacgctg aggtgcgaaa gcgtggggag caaacaggat tagataccct 780
gccctaaacg atgggtacta agtgtcggcg gtttaccgtc ggtgccgcag 840
aagtaccccg cctggggagt acggccgcaa ggttgaaact caaaggaatt 900
cgcacaagcg gtggagcatg tggtttaatt cgacgcaacg cgaggaacct 960
ggacatgctc gtggtacgaa cctgaaaggg tgaggacctc gaaaggggag' 1020
tgctgcatgg ctgtcgtcag ctcgtgccgt gaggtgttgg gttaagtccc 1080
taacccctgt cttcagttgc catcgggtca tgccgagcac tctgaagaga 1140
taacggggag gaaggtgggg atgacgtcaa gtcagcatgg cctttatgcc 1200
cacgtgctac aatgaccggt acagagggtt gcaatcccgc aagggggagc 1260

120
180
240
300
360
420
480
540
600
660



aaat gcgt ag
cgctgaggcg

at at cgggaa gaaggccggt
cgaaagcgt g gggagcaaac
aaacgat ggg cactaagtgt cggcggttta
ccccgect gg ggagt acgge cgcaaggttg aaact caaag
aagcggtgga gcatgtggtt taaptcgacg caacgcgaag
t gcaagt agt aagaacct ga aaggéggatg agcccgcaag ggcagcttgce
catggctgtc gtcagctcgt gccgtgaggt gttggttaag tcccgcaacg
gcgtaaccc ctgtcttcag ttgccatcgg gtcatgccgg gcactct gga gagact gccc

ggat aacgg ggaggaaggt ggggat gacg tcaagtcagc atggccttta tgcctggggce
acacacgtg ctacaatgac cggt acaaagzgggtt%caatc ccgcaagggt gagct aat ct

2
e e T e

gt ca@actmcngggaagicgwactgmceogxgagcagtta@uaatgrtttmccgugtaggagg@&@g 1440
tacc coggtc ac t 7/ 11 81289-031252 25. t xt
7 <2%%§&%5 thggé‘f%g% gﬁgg%ﬁ %ﬁ%‘%c %%Tfécgcéﬁz%%%ﬁ@%c%ﬁqes r DNA

<4003aggcat ggct cag aacgaacgct gcggcgcgcc taacacat gc aagt cgaadgs agaat ccggg 60
gcaact cggt agt aaagt gg cgaacgggt g aggaat acat gggtaacctg cccttgaaag 120

gcactctgga 720
accctggtag. 780
cgcagctaac 840
gaattgacgg 900
aaccttaccc 960
1020
1080
1140
1200
1260 .
1320

- gtagcggtg
i cgcacct ga
:'ccacgccect
i cagtaagtg
i ggcccgceac
ggt t ggaca

caggtgctg

ggcgaaggcg
aggat t agat

ccgccggt gc

<210>

t ggaabggrccyt at cgaaaga tgggctaata ccatatacge ttcctagttt gcggattagg 180
aaggaaapt cl4pvat cgagga tacggtgttc aaggaggggc tcatggccta tcagecttgtt 240
gatg >aabDNAQggcct acca aggcaacgac gggt agctgg tctgagagga tgat cagcca 300
cactgg%%bt ﬁgg 1t acggg ccagact cct acgggaggca gcagtgagga atattgcgca 360
at gggeg@aa gcctgacgca gcgacgccgc gggggggatg aaggttttcg gattgtaaac 420
cccttﬂéﬁggngggha@adﬁ eRN#CcQgggt aa ccgcccggac ggtacctcca gaagaagcca 480
cggct gaett ,cgtgccagca geccgeggtaa tacgaaggtg gcgagegttg ttcggattta 540
ct 999:9 c%%gg?cgégé‘gﬁﬁgda% 8813 96E JR UG g @ B8 al Eddgc i JHRagHchagdatIICt Beac 600
cggggcaac tcggtagtaa agtggcaaac gggtgaggaa cacatgggta acctgccctt 120
jagaagggaa taacccgccg aaaggtgagc taatacccta tacgctatca tttttacgaa 180
1aagatagga aagccaagtc gaggacttgg tactcaagga ggggctcatg tcctatcagc 240
:tgttggtgg ggtaacggcc taccaaggct acgacgggta gctggtctga gaggatgatc 300
igccacactg gcactgagat acgggccaga ctcctacggg aggcagcagt gaggaatatt 360
Jcgcaatggg cgaaagcctg acgcagcgac gccgcgtggg ggatgaaggt cttcggattg' 420
:aaacccctt tcatgaggaa agataaagtg ggtaaccact tagacggtac ctcaagaaga 480
lgccacggct aacttcgtge cagcagccgc ggtaatacga aggtggcgag cgttgttcgg 540
itttactggg cgtaaagagc acgtaggcgg ttgggaaagc cttttgggaa atctcccggc 600
‘taaccggga aaggtcgaga ggaactactc agctagagga cgggagagga gcgcggaatt 660
:ccggtgtag cggtgaaatg cgtagatatc gggaagaagg ccggtggcga aggcggcgct 720
:‘tggaacgta cctgacgctg aggtgcgaaa gcgtggggag caaacaggat tagataccct 780
jgtagtccac gccctaaacg atgggtacta agtgtcggcg gtttaccgtc ggtgccgcag 840
taacgcagt aagtaccccg cctggggagt acggccgcaa ggttgaaact caaaggaatt 900
lacgggggcc cgcacaagcg gtggagcatg tggtttaatt cgacgcaacg cgaagaacct 960
‘gcccaggtt ggacatgctc gtggtacgaa cctgaaaggt gaggacctcg aaaggggagc 1020
lagctcaggt gctgcatgge tgtcgtcage tcgtgecgtg aggtgttggg ttaagtcccg 1080
aacgagcgt aacccctgtc ttcagttgcc atcgggtcat gccgagcact ctgaagagac 1140
gcccaggat aacggggagg aaggtgggdga tgacgtcaag tcagcatggc ctttatgcct 1200
gggctacac acgtgctaca atgaccggta cagagggttg caatcccgca agggggagcc 1260
atctcaaaa aaccggcctc agttcagatt ggggtctgca actcgacccc atgaaggtgg 1320
atcgctagt aatcgcggat cagcacgccg cggtgaatac gttcccggge cttgtacaca 1380



cgggaat ggt
t gt agcggt g
acgcacct ga
t ccacgccct
gcagt aagt g
gggcccgceac
aggt t ggaca
ggt gct gcat
cgt aacccct

gat aacgggg

cgaggggaac
aaat gcgt ag
cgctgaggcg
aaacgat ggg
cccegect gg

aagcggtgga

tacttagcta gagggcggga
at at cgggaa gaaggccggt
cgaaagcgt g gggagcaaac
cact aagt gt cggcggttta
ggagt acggc cgcs& ggttg
gcatgtggtt taa

t gcaagt agt aagaacct ga aaggggat ga

fcgacg

gaggagtgcg
ggcgaaggceg
aggat t agat
ccgt cggt gc
aaact caaag
caacgcgaag
gcccgcaagg

gaattcccgg
gcact ct gga
accct ggt ag
cgcagct aac
gaat t gacgg
aaccttaccc
agcttgctca

660
720
780
840
900
960
1020

ggctg-tcgtc agctcgtgcc gtgaggtgtt gggttaagtc ccgcaacgag 1080

gtctt cagtt gccatcgggt catgccgggc actctggaga gactgcccag.

aggaaggt gg ggat gacgjcg g, ggggtttatg cctggggcta 1200

cacacgt gct acaat gaccg gt acaaaggg

A

€C gtaaggggga gctaatctca 1260

aaaaatgggutch cagtdagagp attyggygtaiccaggmatts gagg@eca gabgrpavgmaaledgct 1320

agt aaf ¢ at cagcacg ccgcggtgaa tacgttcccg ggccttgtac atatt
ogebot

t cacayt dagt cagct gtaccagaag ttgctggcge taacccgtaa ggagg

gcccaag

DPU\ 8

tcgaaagagauﬁ

t aacc
ct agt
t ggcc

gagaggily

Bt

tatca

a 5300

9- 0312520. ST25. t xt

ta tggttggtaa ttggggtgaa gtcgtaacaa 1480
f% % <213> Unknown <220>
po

cg 1380
gt 1440

3%

<210> 8 <211> 1490

tttgatcatg gctcagaacg aacgctggcg gcgcvvctaa cacat gcaag
owAl ccggggca act cggt agt aaagt ggcga acgggt gagg aat acat ggg

ttgaaagtgg aat aacct at cgaaagat gg gct aat acca

gaaagtcgta t cgaggat ac ggt gttcaag

gct gttgg ggggt aat gg cct accaagg caacgacggg
t cagccacac tggcactgag atacgggcca gactcctacg

gt gag@é&@%@csecrggfqgge@%&afajcgge*gaaaw&%éemsgp H89E3EGESH g

gtttt
acctc

@ﬁg@iaageggcﬁ

cagaa

aacgt %@gt:@gaga;(ggtgggctaa taccctatac

cttggtcgag
aacggcctac
ctgagatacg
aagcctgacg
tgaggaaaga
ttcgtgccag
1aagagcacg
ttcgagaggt
tgaaatgcgt
jacgctgagg
taaacgatg
tacccecgect
1caagcggtg
:atgctcgtg
:gcatggctg
:ccctgtett
-ggggaggaa
jtgctacaat
:cggcctcag
:cgcggatca

:cacgaaagt

gactcggcac
caaggctacg
ggccagactc
cagcgacgcc
taaagtgggt
cagccgcggt
taggcggttg
actattcagc
agatatcggg
tgcgaaagcg
ggtactaagt
ggggagtacg
gagcatgtgg
gtacgaacct
tcgtcagcetc
cagttgccat
ggtgggdgatg
gaccggtaca
ttcagattgg
gcacgccgeg

cagctgtacc

tcaaggaggg
acgggtagct
ctacgggagg
gcgtggggga
aaccacttag
aatacgaagg
ggaaagcctc
tagaggacgg
aagaaggccg
tggggagcaa
gtcggcggtt
gccgcaaggt
tttaattcga
gaaagggtga
gtgccgtgag
cgggtcatgc
acgtcaagtc
gagggttgca
ggtctgcaac
gtgaatacgt

agaagtcact

gctatcttct
gctcatgtcc
ggtctgagag
cagcagtgag
tgaaggtttt
écggtacctc
tggcaagcgt
ttgggaaatc
gagaggagcg
gtggcgaagg
acaggattag
taccgtcggt
tgaaactcaa
cgcaacgcga
ggaccttgaa
gtgttgggtt
cgagcactct
agcatggcct
atcccgcaag
tcgaccccat
tcccgggect

ggcgccaacc

£HcBaP e64duah t§€ AGaHda822geaA§8y @d

aagccacag ctaacticgt gccagcaacc gcggt aatac

tttcggaaaa
tatcagcttg
gatgatcagc
gaatattgcg
cggattgtaa
aagaagaagc
tgttcggatt
tcccggetta
cggaattccc
cggcgetctg
ataccctggt
gccgcageta
aggaattgac
agaaccttac
agaggagcga
aagtcccgca
gaagagactg
ttatgcctgg
ggggagccaa
gaaggtggaa
tgtacacacc

cgcaaggggg

§64a388£0
gataggaaag
ttggtggggt
cacactggca
caatgggcga
acccctttca.
cacggctaac
tactgggcgt
accgggaaag
ggtgtagcgg
gaacgtacct
agtccacgcc
acgcagtaag
gggggcccgc
ccaggttgga
gctcaggtge
acgagcgtaa
cccaggataa
ggctacacac
tctcaaaaaa
tcgctagtaa
gcccgtcaca

gcaggtgccc

tatacgcttc

gaggggct ca
t agct ggt ct

ggaggcagca
gdygat gaag
cppggacgat
gﬁ%ggtagcg
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

1140

<212>

<223> NOB B7c¢7 16S



aaatttacta
gcttaaccgg
t't cccaat at
ct ct ggaacg
ct ggt agt cc
agct aacgca
ttgacggggg
cttacccagg
ttgct caggt
caacaagcgt

ggcgt aaaga
gaat ggt cga
aacaat aaaa
cacct gacgc
acgccct aaa
gt aagt gccc
cccgcacaag
tt ggacat gc
gct gcat agc
aacccctgtc

gcacat agac
ggggaact ac
t acat aaat a
t gaggcgcga
cgat gggcac
cgcct gggga
cggt ggagca
aagt agt aag
t gt cgt caac

aat t aggt aa
ttagct agaa
t caaaaagaa
aagcgt gggg
t aagigt cgg
gt acggccgce
tgtggtttaa
aacct gaaag
tcgtgccata

gcctcttgtg
aacaggagaa
ggccggt ggce
agcaaacagg
cggtttaccg
aaggt t gaaa
ttcgacgcaa
gggat gagcc
aagt gt t ggg

ttcagtt gpogal 3998t sf259¢6kg9gcact
t gcceaggatggacguantgy aaogiaggayaad gacgt caag t cagcat gge
ggggct acac acgt gct aca at gaccggta caaagggttg caatcccgta

aat ct ggpaagaaccggcct c agttcagatt ggggtctgca actcgacccc
aat cgeiBgt 1473t cgcggat cagcacgccg cggt gaat ac gttcccgggce

aaagct cccg
aagt acgaaa
gaaggcggca
att agat acc
t cggt gccgce
ct caaaggaa
cgcgaagaac
cgcaaggagc
ttaagtccca
ct ggagagac
ctttatagsct
agggggagct
at gaaggt gg
cttgtacaca

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380

ccgcce =caD%§ccacgaaa gt cagctgta ccagaagtcg ctggcgctaa cccgtaagga 1440
ggcad@ifccUtiaWyt at gg ttggtaattg gggtgaagtc gtaacaaggt 1490 <210> 9 <211>
17 <33i®> DNA <213> Artificial <220> 9/11 81289-0312520.sr25.txt ¢223>
PCR R2R3verNep4@Ze2® 16 trg®a cct ggctcag 17 ¢210> 10 c211> 19 c212> DNA
0213i4&£;igicial c220> ¢223> PCR Primer ¢400> 10

1tcctggetc agaacgaacg ctgcggcgcg cctaacacat gcaagtcgaa cgagaatccg 60
Jgcaacctgg tagtaaagtg gcgaacgggt gaggaataca tgggtaacct gcccttgaga‘ 120
1itggaataac ctatcgaaag atgggctaat accatatacg cttcctgatt cgaggattgg 180
jaaggaaagt cgtatcgagg atacggcgtt caaggagggg ctcatggect atcagcttgt 240
:ggtggggta acggcctacc aaggcaacga cgggtagctg gtctgagagg atgatcagcc 300
lcactggcac tgagatacgg gccagactcc tacgggaggc agcagtgagg aatattgcgce 360
latgggcgaa agcctgacgce agcgacgccg cgtgggggat gaaggttttc ggattgtaaa 420
:ccctttcag gaggaaagat aaggcaggtt actgcctgga cggtacctcc agaagaagcc 480
icggctaact tcgtgccagc agccgcggta atacgaaggt ggcgagegtt gttcggattt 540
ictgggcgta aagagcgcgt aggcggttag gtaagcctct tgtggaatct ccggcttaac 600
‘gggaatagt cgagggtaac tgcttagcta gagggcggga gaggagtgcg gaattcccgg 660
:gtagcggtg aaatgcgtag atatcgggaa gaaggccggt ggcgaaggcg gcactctgga 720
Icgcacctga cgctgaggcg Egaaagcgtg gggagcaaac aggattagat accctggtag. 780
‘ccacgccct aaacgatggg cactaagtgt cggcggttta ccgccggtge cgcagctaac 840
Icagtaagtg ccccgectgg ggagtacggc cgcaaggttg aaactcaaag gaattgacgg 900
lggcccgecac aagcggtgga gcatgtggtt taattcgacg caacgcgaag aaccttaccce 960
gottggaca tgcaagtagt aagaacctga aagggggatg agcccgcaag ggcagettge 1020
caggtgctg catggctgtc gtcagctcgt gccgtgaggt gttggttaag tcccgcaacg 1080
gcgtaaccc ctgtcttcag ttgccatcgg gtcatgccgg gcactctgga gagactgccc' 1140
ggataacgg ggaggaaggt ggggatgacg tcaagtcagc atggccttta tgcctggggc 1200
acacacgtg ctacaatgac cggtacaaag ggttgcaatc ccgcaagggt gagctaatct 1260
aaaaaacca gtctcagttc ggatcgcagt ctgcaactcg actgcgtgaa gctggaatcg 1320
tagtaatcg gagatcagca cgctccgatg aatacgttcc cgggccttgt acacaccgcc 1380
gtcacacca tgggagtcgg ctgctccaga agtagttatc ttaacccgca aggagggagg: 1440
taccaagga tcggtcggtg actggggtga agt 1473



c210> 11 c211> 17 c¢212> DNA 213> Artificial
c400> 11 :ctacgggag gcagcag 17 <210> 12 <211> 18
<220> <223> PCR Priner <400> 12 gwattaccgc
ggckgctg 18 <210> 13 <211> 22 <212> DNA <213> Artificial <220> <223> PCR
Primer <400> 13 caccgggaat tccgcgctgﬁ tc 22 <210> 14 <211> 20 <212> DNA
<213> Artificial <220> <223> oligonucfeotide Probe <400> 14 lu/11

agttaccttg ttacgactt 19
c220>" ¢223> PCR Pri ner
<212> DNA <213> Artificial

81289-0312520.5T25.txt

<210> 7

211> 1480

<212> DNA

<213> Unknown

<220>

<223> NOB B7cl10 16S rDNA

<400> 7

catggctcag aacgaacgct gcggcgcgec taacacatgc aagtcgaacg agaatccggg 60
gcaactcggt agtaaagtgg cgaacgggtg aggaatacat gggtaacctg cccttgaaag 120
tggaataacc tatcgaaaga tgggctaata ccatatacgc ttcctagttt gcggattagg 180
aaggaaagtc gtatcgagga tacggtgttc aaggaggggc tcatggccta tcagcttgtt 240
ggtggggtaa tggcctacca aggcaacgac gggtagctgg tctgagagga tgatcagcca 300
cactggcact gagatacggg ccagactcct acgggaggca gcagtgagga atattgegea 360
atgggcgaaa gcctgacgca gcgacgccge gggggggatg aaggtttteg gattgtaaac 420
ccctttcagg agggaagaaa aagcgggtaa ccgcccggac ggtacctcca gaagaageca 480
cggctaactt cgtgccagca gccgcggtaa tacgaaggtg gcgagcgttg ttcggattta 540
ctgggcgtaa agagcgcgta ggcggttagg taagcctctt gtgaaagctc ccggcettaac 600
cgggaatggt cgaggggaac tacttagcta gagggcggga gaggagtgcg gaattcccgg 660
tgtagcggtg aaatgcgtag atatcgggaa gaaggccggt ggcgaaggcg gcactctgga 720
acgcacctga cgctgaggcg cgaaagcgtg gggagcaaac aggattagat accctggtag 780
tccacgccct aaacgatggg cactaagtgt cggcggttta ccgtcggtge cgcagctaac 840
gcagtaagtg ccccgcctgg ggagtacggc cgcaaggttg aaactcaaag gaattgacgg 900
gggcccgcac aagcggtgga gcatgtggtt taattcgacg caacgcgaag aaccttaccc 960
aggttggaca tgcaagtagt aagaacctga aaggggatga gcccgcaagg agcttgctca 1020
ggtgctgcat ggctgtcgtc agctcgtgce gtgaggtgtt gggttaagtc ccgcaacgag 1080
cgtaacccct gtcttcagtt gccatcgggt catgccgggce actctggaga gactgcccag. 1140
gataacgggg aggaaggtgg ggatgacgtc aagtcagcat ggcctttatg cctggggcta 1200
cacacgtgct acaatgaccg gtacaaaggg ttgcaatccc gtaaggggdga gcfaatctca 1260
aaaaaccggc ctcagttcag attggggtct gcaactcgac cccatgaagg tggaatcgct 1320
agtaatcggg gatcagcacg ccgcggtgaa tacgttcccg ggccttgtac atattgtccg 1380
tcacagcacg aaagtcagct gtaccagaag ttgctggcgc taacccgtaa ggaggcaggt 1440
gcccaaggta tggttggtaa ttggggtgaa gtcgtaacaa . 1480
<210> 8

<211> 1490

<212> DNA



81289-0312520. ST25. txt gttgcccecgg attctcgttc 20 <210> 15 <211> 22 <212>
DNA <213> Artificial <220> <223> oligonucl eotide Probe <400> 15
caccgggaat tccgcgctcc tc 22 <210> 16 <211> 22 <212> DNA <213> Artificial

<220> <223> oligonucl eotide Probe <400> 16 caccgggaat tccgcactcc tc 22

<210> 17 <211> 18 <212> DNA <213> rgificial <220> <223> digonucl eotide
Probe <400> 17 gctgcctccc gtaggagt g1 <210> 18 <211> 21 <212> DNA <213>
Artificial <220> <223> oligonucl eotide Probe <400> 18
213> unknomn 81289-0312520.ST25.txt
<220>
<223> NOB B7c7 16S rbDNA
<400> 8
tttgatcatg gctcagaacg aacgctggcg gcgcvvctaa cacatgcaag tcgaacgaga 60
atccggggca actcggtagt aaagtggcga acgggtgagg aatacatggg taacctgecc 120
ttgaaagtgg aataacctat cgaaagatgg gctaatacca tatacgcttc ctagtttgcg 180
gattaggaag gaaagtcgta tcgaggatac ggtgttcaag gaggggctca tggcctatca. 240
gcttgttggt ggggtaatgg cctaccaagg caacgacggg tagctggtct gagaggatga 300
tcagccacac tggcactgag atacgggcca gactcctacg ggaggcagca gtgaggaata 360
ttgcgcaatg ggcgaaagcc tgacgcagcg acgccgcegtg ggggatgaag gttttcggat 420
tgtaaacccc tttcaggagg gaagaaaaag cgggtaaccg cccggacgat acctccagaa 480
gaagccacag ctaacttcgt gccagcaacc gcggtaatac aagggtagcg aacgttgttc 540
aaatttacta ggcgtaaaga gcacatagac aattaggtaa gcctcttgtg aaagctcccg 600
gcttaaccgg gaatggtcgd ggggaactac ttagctagaa aacaggagaa aagtacgaaa 660
ttcccaatat aacaataaaa tacataaata tcaaaaagaa ggccggtgge gaaggeggea 720
ctctggaacg cacctgacgc tgaggcgcga aagcgtgggg agcaaacagg attagatacc 780
ctggtagtcc acgccctaaa cgatgggcac taagtgtcgg cggtttaccg tcggtgccge 840
agctaacgca gtaagtgccc cgcctgggga gtacggccge aaggttgaaa ctcaaaggaa 900
ttgacggggg cccgcacaag cggtggagca tgtggtttaa ttcgacgcaa cgcgaagaac 960
cttacccagg ttggacatgc aagtagtaag aacctgaaag gggatgagcc cgcaaggagc 1020
ttgctcaggt gctgcatagc tgtcgtcaac tcgtgccata aagtgttggg ttaagtccca 1080
caacaagcgt aacccctgtc ttcagttgcc atcgggtcat gccgggcact ctggagagac 1140
tgcccaggat aacggggagg aaggtgggga tgacgtcaag tcagcatggc ctttatgcct 1200
ggggctacac acgtgctaca atgaccggta caaagggttg caatcccgta agggggagct 1260
aatctcaaaa aaccggcctc agttcagatt ggggtctgca actcgacccc atgaaggtgg 1320
aatcgctagt aatcgcggat cagcacgccg cggtgaatac gttcccgggce cttgtacaca 1380
ccgcccgtca caccacgaaa gtcagctgta ccagaagtcg ctggcgctaa cccgtaagga 1440
ggcaggtgcc caaggtatgg ttggtaattg gggtgaagtc gtaacaaggt 1490
S 17
<212> DNA
<213> Artificial

<220>



ctcgccagec acctttccga a 21
: <223> PCR Pri ner
81289- 0312520. ST25. t xt

€c223> PCR Pri ner

<220>

DNA : 213> Artificial

g 21

210> 22 : 211> 20

2223>
400>

PCR Primer
9

jtttgatcct ggctcag

210>
211>
212>
213>

220>
223>

<400>

10

19

DNA
Artificial

PCR Primer
10

jgttaccttg ttacgactt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11

17

DNA
Artificial

PCR Primer
11

zctacgggag gcagcag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

18

DNA
Artificial

PCR Primer
12

gwattaccgc ggckgctg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

22

DNA
Artificial

PCR Primer
13

<210> 19 <211> 17

210> 20 : 211> 16

: 400> 20 :cnctcctttc aggttc 16

: 220> PCR Pri
212> DNA n%]tificial

81289-0312520.5T25.txt

caccgggaat tccgegctcc tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

20

DNA
Artificial

Oligonucleotide Probe

14

<212> DNA <213> Artificial

<400> 19 tccggggcaa ccyggta 17 11/11

: 212> DNA : 213> Artificial
: 210> 21 : 211> 21
-223> :400> 21 :tcggaaagg tggctggcga

, 213>

17

19

17

18

22

, 220>
1 212>



: 220> ,223> PCR Primer :400> 22 itctctgyaa ggttccggag 20

gttgcceccgg attctegttc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

22

DNA
Artificial

Oligonucleotide Probe
15

caccgggaat tccgcgectcce tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

22

DNA
Artificial

oligonucleotide Probe
16

caccgggaat tccgcactcc tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

18

DNA
Artificial

Oligonucleotide Probe
17

gctgccteccec gtaggagt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18

21

DNA
Artificial

oligonucleotide Probe
18

ctcgccagec acctttecga a

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

17

DNA
Artificial

PCR Primer
19

tccggggcaa ccyggta

10/11

81289-0312520.ST25.txt

20

22

22

18

21

17



210>
211>
212>
213>

220>
223>

:400>

11/11

20 81289-0312520.5T25.txt
16

DNA

Artificial

PCR Primer
20

:cmeccctttce aggttc 16

210>
211>
212>
213>

220>
223>

400>

21

21

DNA
Artificial

PCR Primer
21

:tcggaaagg tggctggcga g 21

210>
211>
212>
213>

220>
223>

400>

22

20

DNA
Artificial

PCR Primer
22

itctctgyaa ggttccggag 20



